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PREFACE 


The enthusiastic reception that greeted the appearance of 
the first edition of Clinical Urography was not only gratify- 
ing to the editor, it encouraged the publisher, W.B. Saun- 
ders Company, to pursue the preparation of a second 
edition of this now-standard work in urinary tract imaging. 
Vast changes have occurred in radiology—indeed in all of 
medicine—since Clinical Urography first appeared. But 
not only have the tools changed, so have the rules. In 
this second edition, technological advances in uroradiology 
(e.g., color Doppler and endoluminal sonography, endorec- 
tal surface coil magnetic resonance imaging), as well as 
fundamental changes in and the future direction of uroradi- 
ological practice, are fully described and discussed. 

In this edition of Clinical Urography, a co-editor, 
Bruce McClennan, M.D., one of this country’s outstanding 
uroradiologists and a physician of international repute, 
makes his appearance. Obtaining the services of Dr. 
McClennan proved to be a stroke of monumental good 
fortune, for during the many months of this editor’s un- 
availability, only Dr. McClennan’s extreme dedication, inex- 
haustible energy, and uncommon good sense held this 
project together. Lady Luck continued to smile on Clinical 
Urography when Drs. Raymond Dyer and Philip Kenney 
most graciously agreed to come on board—on short 
notice—as associate editors. These two uroradiologists, 
well-known experts in the field, deserve a special vote 
of thanks for contributing their invaluable expertise and 
yeoman-like assistance to the furtherance of this project. 
Without their willingness to help it is doubtful if the second 
edition of Clinical Urography would have appeared in a 
timely fashion. This editor is eternally grateful to these 
colleagues and good friends. This edition follows the format 
of the first edition of Clinical Urography, which proved so 
popular among radiologists and urologists. After an intro- 
ductory section describing the diagnostic imaging tech- 
niques and procedures employed in uroradiology, a larger 
section devoted to diseases of the urinary tract—classified 
according to type of pathology—tollows. Here each entity 
is accompanied by descriptions of its pathological and clini- 
cal features, as well as by a discussion of its key characteris- 
tics using current imaging modalities. 

Because we feel strongly that interventional uroradiol- 
ogy is an integral part of uroradiology, this section, thor- 
oughly revised and updated, is again covered definitively. 


HOWARD M. PoLuack, M.D. 


A short conversation in January 1994 at the Society of 
Uroradiology meeting in Laguna Beach, California, with 
Howard Pollack was the genesis of our collaboration and 
long literary journey together. 

Radiologists in great number have abandoned for- 
merly routine procedures, such as urography with nephro- 
tomography, and replaced them with CT, MR urography, 
and ultrasound, especially in children. Practitioners of urol- 
ogy and uroradiology are relentlessly pursuing histologic, if 
not molecular, diagnoses and treatments, with genitouri- 
nary imaging and intervention. And we chase function with 
PET, MRS, contrast agents, and ligands down to the levels 
of gene expression in urologic cancers. Ten years after the 
publication of the first edition of Clinical Urography, the 
many advances in the visual precision of the old imaging, 
the manipulative precision of interventions, the revelations 
of new imaging, and the intellectual rigor of new practice 
paradigms are reflected in the pages of this edition. The 
dramatic changes in radiologic approach that have re- 
sponded to the dramatic advances in urology in the past 
decade, from extracorporeal shock-wave lithotripsy to en- 
dourology and laparoscopic surgery, are catalogued in these 
three volumes. 

This comprehensive tome is a tribute to the authors 
and editors and to all passionate devotees of the practice 
of urology and uroradiology. The editors in the second 
edition have built on the sturdy base of the first edition 
with the intention of maintaining this three-volume text- 
book as the source reference—the most detailed and cur- 
rent clinical information of revelance for education and 
practice in urology and uroradiology. To this end, an out- 
standing group of urologic consultants participated in a 
detailed review of material pertinent to their areas of par- 
ticular interest. The contributors were carefully selected 
for leadership in their field and ability to articulate their 
knowledge and experience. The editors and associate edi- 
tors share the responsibility for oversight of the contents. 
We have tried to avoid excessive redundancy, but some 
repetition is necessary for full explanation in context. Sev- 
eral chapters from the first edition are included, but these 
have been extensively rewritten and updated. New chap- 
ters, often multi-authored, and the addition of 86 new 
authors, are testimony to current practice patterns and are 
one of the strengths of this book. 

This endeavor, for all it represents, remains not just 


the inspiration but the product of the day-to-day digging, 


xxi 


xxii • » + Preface 


writing, analyzing, and thinking, of my co-editor, Howard 
Pollack. Howard overcame serious illness and odds of every 
sort to provide a continued source of support, editorial 
expertise, and overwhelming knowledge that touch almost 
every page herein. The responsibility, in the end, for the 


structure and editorial composition of these 132 chapters, 
is his and mine. It is our hope that they serve long and 
well the purpose for which they were intended. 


BRUCE L. MCCLENNAN, M.D. 
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CHAPTER 1 


Uroradiology: An Overview 
MILTON ELKIN * JOSHUA A. BECKER 


THE PAST 


Uroradiology has a history dating from the introduction of 
imaging with ionizing radiation by Wilhelm Konrad Rént- 
gen.! Many physicians and scientists from multiple disci- 
plines have made significant contributions to the evolution 
of this radiological subspecialty. 

In the July 11, 1896, issue of The Lancet, Dr. John 
MacIntyre, Glasgow, reported the x-ray demonstration of a 
renal calculus in a patient.” This article, published 8 months 
after Réntgen’s discovery, is acknowledged to be the first 
clinical contribution to what was to become the field of 
uroradiology. Techniques of cystography, ureterography, 
retrograde pyelography, and retrograde urethrography 
were described within a period of 15 years following the 
discovery of the x-ray, with contributions made primarily 
by urologists in France, Germany, and the United States. 

Because cystoscopy had already been invented, contrast 
media and other materials, including metal stylets, air, 
bismuth mixtures, silver preparations, thorium nitrate, so- 
dium bromide, and sodium iodide, were inserted or in- 
stilled into various segments of the urinary tract to enable 
radiographic visualization. With the introduction of retro- 
grade pyelography in 1906 by two surgeons, Voelcker and 
von Lichtenberg,” the renal collecting systems and ureters 
were made available for x-ray study, the contrast medium 
initially being collargol, a colloidal silver preparation; im- 
provement was seen in 1918 by the introduction of sodium 
iodide. Retrograde pyelography was a significant step to- 
ward what was to become uroradiology, but the procedural 
aspects of retrograde examinations kept things much within 
the control of urologists. 

In the 1920s, a need was appreciated for a contrast 


medium to be administered orally or intravenously that 
would be excreted in the urine in adequate concentration 
for radiological demonstration. The discovery of a success- 
ful intravenous urographic agent, uroselectan (5-iodo-2- 
pyridone-N-acetic acid), called lopax in the United States, 
came in Germany in 1929. This resulted from a combina- 
tion of research events and the cooperation of several 
investigators who had initially not been collaborators in the 
search for a urographic agent. Major credit for the discov- 
ery has been judged to belong to Moses Swick, a house- 
staff member of the Mount Sinai Hospital, New York, who 
had gone to Germany on a 1-year fellowship for study in 
pathology. Other participants in the discovery included 
Leopold Lichtwitz, a professor of medicine in Hamburg; 
Arthur Binz, a professor of chemistry in Berlin; and Alexan- 
der von Lichtenberg, by then a famous professor of urology 
in Berlin.® 

Intravenous urography created a role for radiologists in 
the examination of the urinary tract, and this could stand as 
the first major step toward the subspecialty of uroradiology. 
However, the poor opacification of the early studies allowed 
only gross evaluation of the renal collecting system, and 
retrograde pyelography continued to be the leading 
method for x-ray study of the kidney. Progressive improve- 
ments in the chemistry of contrast media from the original 
uroselectan—a monoiodinated pyridone—to diiodopyri- 
done compounds (with two iodine atoms), led to develop- 
ment of triiodinated benzoic acid derivatives in 1950 and 
culminated in making the very successful diatrizoate com- 
pounds in 1955. Intravenous urography provided an excel- 
lent method of studying not only the collecting system but 
also, on occasion, the parenchyma of the kidney. Despite 
the marked improvements in the quality of intravenous 
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urography, urologists continued their preference for and 
reliance on retrograde pyelography. 

During the period of better and safer contrast media, 
the following techniques were developed by radiologists 
for the study of the urinary tract: percutaneous needling of 
renal masses; perinephric gas and presacral gas insufflation 
for improved demonstration of renal and adrenal outlines 
and contours; thin-section and thick-section tomography 
(zonography) during urography; and translumbar aortogra- 
phy for the study of renal vasculature. In 1935, the Swedish 
radiologist H. Hellmer reported his observations of intense 
renal parenchymal opacification at urography in patients 
with acute ureteral obstruction.® Studies of the obstructive 
nephrogram led to attempts at excretory nephrography for 
diagnostic purposes, culminating in the introduction of 
nephrotomography by John Evans and colleagues in 1954.” 
The constant search for better and safer contrast media 
eventually led to the synthesis of the lower osmolar and 
non-ionic agent metrizamide by the Swedish radiologist 
Torsten Almen. The subsequent introduction of iohexol, 
iopamidol, and ioxaglate brought us into the current era of 
lower osmolality radiopaque contrast media. 

In 1953, Sven I. Seldinger, a young radiologist at the 
Karolinska Hospital in Stockholm, reported his “catheter 
replacement of the needle” technique for percutaneous 
angiography.* The era of angiography as part of uroradiol- 
ogy experienced a rapid spurt of activity immediately after 
Seldinger’s report, with Scandinavian radiologists being 
leaders in evaluation of clinical results, development of 
technical improvements, and teaching the method to vis- 
iting radiologists. Professor Olle Olsson and his group at 
Lund were especially outstanding. In addition to the excel- 
lent contribution of angiography to the diagnosis of urinary 
tract diseases, this methodology was used in many physio- 
logical and pharmacodynamic studies of the urinary tract. 
From the time of Seldinger’s important contribution in 
1953 to the time of easy availability of computed tomogra- 
phy in the late 1970s, selective angiography played a major 
role in urinary tract diagnoses. Radiologists now found 
themselves largely in control of urological imaging. The 
period of active use of angiography was an especially excit- 
ing period for uroradiology. in clinical examinations as well 
as in research studies. 

In the 1950s, a relatively small group of radiologists in 
the United States showed a prime interest in pursuing 
radiology of the urinary tract, but there was no early move 
toward a subspecialty of uroradiology. An informal gather- 
ing of interested radiologists, spearheaded by Drs. Joshua 
A. Becker and Howard M. Pollack, met in 1966 as the 
Uroradiology Club; its meetings were formalized in 1972, 
and its incorporation and renaming as the Society of Uro- 
radiology occurred in 1974. In 1979 came the beginning of 
a journal, Urologic Radiology, which was later amalgamated 
with another journal, Gastrointestinal Radiology, to be- 
come Abdominal Imaging. 

In the formative years of the Society of Uroradiology, 
with increasing activity by uroradiologists in urinary tract 
procedures, “turf” battles became more pronounced, not 
only with members of other disciplines, such as urologists 
and vascular surgeons, but also with radiologic colleagues 
working in the developing subspecialty of interventional 


radiology. The turf battle within the field of radiology was 


related to the ongoing problem of radiology departmental 
structure (i.e., by organ-system technique-based subspeciali- 
zation). The majority of Society of Uroradiology members 
favored organ-system orientation, despite the recognition of 
possible conflicting responsibilities as well as priority and use 
of available specialized equipment. An article published in 
1986° concluded that “radiologic education, research, and 
practice will be of the highest quality if academic depart- 
ments stress organ-system subspecialization.” It was em- 
phasized that consultative radiology is essential for high- 
quality patient care, with the radiologist in this role advising 
attending physicians as to the most appropriate imaging 
procedures. This consultative activity is more valuable and 
effective with departmental organ-system orientation. 

For several decades following World War II, a period of 
intense growth of medical facilities and personnel occurred, 
resulting partly from predictions of impending shortages of 
doctors. Funds were made available to increase the number 
of medical schools, enlarge existing hospitals, and build 
new ones, as well as to encourage and support both basic 
and clinical medical research. Medical specialization was 
favored, with increasing subspecialization. 


THE PRESENT 


In the late 1970s and early 1980s, pressure increased for 
the certification of subspecialties within diagnostic radiol- 
ogy. In 1984 the American Board of Radiology (ABR) 
established a committee to study and render its advice as 
to subspecialty certification. The Residency Review Com- 
mittee (RRC) of the Accreditation Council of Graduate 
Medical Education (ACGME) for diagnostic radiology, 
with encouragement from the ABR, agreed to set up a 
process for accrediting fellowships in radiologic subspecial- 
ties. The American Board of Medical Specialties (ABMS) 
recommended this accreditation be called the certificate of 
added qualification (CAQ). In 1993 and 1994 the ABR 
received approval from the ABMS to award the CAQ in 
pediatric radiology, vascular interventional radiology, 
neuroradiology, and nuclear radiology. Other radiology sub- 
specialties, including uroradiology, initiated the process ap- 
plication for accreditation of fellowship training programs 
by the RRC as a first step in the acquisition of CAQs. 
Approval by the RRC of abdominal (including genitouri- 
nary and gastrointestinal) imaging as a fellowship subspeci- 
alty came to fruition in 1999, but without a CAQ. 

The drive toward radiology subspecialization and the 
addition of CAQs has not pleased all diagnostic radiologists. 
The general diagnostic radiologists might have felt threat- 
ened by additional certifications. The departmental chair- 
men might have felt that further subdivision of diagnostic 
radiology would add major costs to the operation of a 
department. 

In the current era of uroradiology, use of nuclear medi- 
cine, ultrasonography, computed tomography (CT), and 
magnetic resonance imaging (MRI) has been quite valuable 
in the management of diseases of the urinary tract. Demon- 
stration of the renal parenchyma did not occur with retro- 
grade pyelography: it was limited with intravenous urogra- 
phy, and it became a reliable reality with angiography. 
Now radionuclide scanning, ultrasonography, CT, and MRI 


provide excellent information about the renal parenchyma. 
Angiography, an invasive procedure, is limited in its current 
application specifically to vascular disease; it is not used for 
detection of the myriad of pathological processes for which 
it played a valuable role in the past. 

With the past and present documented, we must look to 
the future.'° An explosion of technology will have its 
reward in better, faster, and safer visualization of the uri- 
nary tract. These techniques indeed have made the intrave- 
nous urogram less and less the “cornerstone” of urinary 
tract imaging." The indications for urography, per se, have 
decreased markedly over the years. This has been the 
result of other techniques that supply better morphological 
and functional information necessary for optimal patient 
care. Helical CT is now amplified with multi-slice scanners. 
The evaluation of flank pain and renal colic (traditionally 
the province of urography) is now undertaken with non- 
contrast helical CT. 


THE FUTURE 


The entire field of radiology is evolving as part of the 
“digital revolution.” Whether it is used in picture archiving 
communication systems (PACS), teleradiology, or digital 
filmless imaging is moot; the new technology is here to 
stay. The centralization of “experts” will be, initially, a 
referral and consultative activity. It is not hard to imagine 
the next step: the patient’s study will be transmitted to 
the “most cost-effective” site— be it at the place of the 
examination or on the other side of the world. Hopefully, 
managed care organizations, HMOs, and other insurers 
will not devalue the advancing field of radiology to the 
detriment of patient care. 

In more specific applications of uroradiological tech- 
niques, ultrafast imaging with MR will open up new vistas. 
In part, this will result from better MR spatial resolution. 
The visualization of the patient’s own urine as an MRI 
intrinsic contrast agent may also replace the intravenous 
urogram in some situations (it already has been successfully 
applied to the evaluation of the obstructed urinary tract). 
Reconstruction of a volume of data can produce spectacu- 
lar three-dimensional representations of the entire urinary 
system. In the not-too-distant future, holographic imaging 
may bring us to the long-sought goal of solid organ imaging. 
Use of dedicated pulse sequences and ultrafast data re- 
cording with echo planar imaging (EPI) can yield func- 
tional information (perfusion/diffusion imaging). MR spec- 
troscopy (MRS) has great potential. The exciting thought 
of performing a chemical or metabolic analysis noninva- 
sively is almost reminiscent of science fiction. The concept 
of determining cell viability, of a neoplastic process based 
on phosphorous—adenosine triphosphate ratios, has been 
shown in experimental formats. MRS is emerging as a 
clinically useful technique that has moved from the labora- 
tory to the clinic. Routine spectroscopy and imaging of the 
prostate gland and other organs in the genitourinary tract 
are becoming more widely available. 

Use of virtual reality imaging, now in its infancy, is of 
use in the lung and gastrointestinal and genitourinary tracts 
(e.g., virtual cystoscopy, virtual colonography). 

Specific-receptor imaging agents, whether used with ion- 
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izing radiation, MRI, ultrasound, or nuclear medicine, will 
be useful not only in evaluating anatomy (e.g., gross or 
microscopic) but also in targeting or tagging specific thera- 
peutic processes for treatment of neoplasia. 

Optical diffusion imaging (optical coherent tomography) 
and infraredometry, although they are now theoretical tech- 
nologies utilizing the light spectrum, may well have an 
impact on uroradiological diagnosis in the 21st century. 

It is obvious that the uroradiological “bag” is gradually 
being emptied of some of its contents (e.g., intravenous 
urography) but is being replenished with many of the 
technologies just mentioned, which portends a most fasci- 
nating future. 

One must also look beyond the results of these techno- 
logical advances. A most striking question for the future is, 
therefore, “Will there remain a specific organ-based spe- 
cialty of urinary tract radiology?” To some degree, this 
must occur at the working interface among urologists, 
nephrologists, and medical or radiation oncologists. How- 
ever, a new “baby” is about to be born, named abdominal 
imaging. This anatomical or body imaging subspecialty will 
result from the marriage of uroradiology and gastrointesti- 
nal radiology. This evolutionary course may be inevitable. 
The imaging and therapeutic procedures are both similar 
and disparate, but the need for fiscal restraint in all areas 
of medicine and the pressures of new paradigms for patient 
care will encourage this kind of approach. An amalgamation 
of uroradiology and the subspecialty of gastrointestinal im- 
aging is occurring in the form of the proposed abdominal 
alliance of the Society of Uroradiology (SUR), Society of 
Gastrointestinal Radiologists (SGR), and International So- 
ciety of Hepatobiliary Imaging (ISHBI). The next genera- 
tion of radiologists will include specialists in abdominal 
imaging who still need skills and knowledge in the patho- 
physiology of the urinary tract. 

No matter what pessimists may say about the gloomy 
future of uroradiology and uroradiologists, we still believe 
that the field—regardless of what it is called—will continue 
its enviable record into the 21st century. Some reasons for 
our conclusions are as follows: 

1. The physiology and pathophysiology of the urinary 
tract and the male genital tract hold fascination for 
many radiologists. Those who were intrigued by the 
specialty in the past will continue to be so in the 
future. They will advance and apply the cutting-edge 
technologies, irrespective of full- or part-time involve- 
ment with other commitments (e.g., gastrointestinal 
tract imaging). 

2. Radiologists alone will not determine the future of 
urological imaging. Urologists, too, have a stake in 
the future of uroradiology. Radiology should not abdi- 
cate its role as keeper of the flame. If urologists and 
nephrologists become unhappy with what uroradiolo- 
gists are providing, they may move to fill a perceived 
void. 

Our clinical colleagues will seek imaging consultants in 
whom they have confidence, whether they are in sections 
of uroradiology or abdominal imaging. The American 
Board of Radiology (ABR), the Residency Review Commit- 
tee (RRC), or the Accreditation Council of Graduate Medi- 
cal Education (ACGME) will adapt to or follow the course 
of urological and uroradiological practice. As the impact of 
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the new technology (e.g., CT, MR, ultrasound) has been 
profound within the world of uroradiology, so may be the 
impact of this paradigm shift. 

A need that is clear is for the continuance of textbooks 
such as this one. Even with the potential fusion of prior 
specialization areas (e.g., genitourinary or gastrointestinal) 
the need for dedicated information will remain. Antholo- 
gies of abdominal imaging will be published, but the need 


for specific textbooks of urinary tract imaging will continue. 
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CHAPTER 2 


Medicolegal Issues in 
Uroradiology 


STEWART R. REUTER 


Uroradiologists practice under the same legal rules as all 
other radiologists and most other physicians. However, 
some aspects of that general body of law, more than others, 
affect uroradiologists and other physicians who perform 
uroradiological procedures, and this chapter concentrates 
on the particular issues that have been of interest to uro- 
radiologists. These include problems related to the stan- 
dard of care, such as missed diagnoses; who should perform 
uroradiological procedures; some special problems of the 
interventional uroradiologist; and problems of informed 
consent, specifically, consent for intravenous injections of 
contrast agents. 


THE DUTY OF THE PHYSICIAN PROVIDING 
URORADIOLOGICAL CARE AND THE 
STANDARD BY WHICH THE CARE IS TO BE 
MEASURED 


The duty of the physician grows primarily out of the physi- 
cian-patient relationship. For the radiologist, this begins 
when the patient is accepted for an examination. The 
radiologist must exercise the same level of skill and care as 
other physicians performing or interpreting uroradio- 
graphic procedures under the same or similar circum- 
stances, that is, he or she must use reasonable care. Legal 
negligence (also known as malpractice), which may lead to 
a malpractice suit and a judgment against the physician, 
results from failure to meet this duty of reasonable care if 
the failure is the proximate cause of an injury to the patient. 

A physician is not a guarantor of the results of the 
treatment. Therefore, a bad result, although usually the 
starting point for a medical malpractice suit, is not legal 
proof that the physician has been negligent. The patient- 
plaintiff has the burden of proving to the jury that the bad 
result was more likely than not caused by the physician’s 
failure to practice according to acceptable standards of care 
in the community. How high is the standard that must be 
achieved by the radiologist? Berlin, in one of his excellent 
articles on radiology and the law, quotes an 1860 Illinois 
Supreme Court decision: “When a person assumes the 
profession of physician and surgeon, he must, in its exer- 
cise, be held to employ a reasonable amount of care and 
skill. For anything short of that degree of skill in his 
practice, the law will hold him responsible for any injury 
which may result from its absence. While he is not required 
to possess the highest order of qualification, to which some 
men attain, still, he must possess and exercise that degree 


of skill which is ordinarily possessed by members of the 
profession. And whether the injury results from a want of 
skill, or the want of its application, he will in either case 
be equally liable.” In fact, it need not even be the average 
of the profession, because if it were, 50% of physicians 
would be negligent by definition. 

An exception to the rule that the burden of proof falls 
to the plaintiff occurs when the injury is encompassed by 
the doctrine of res ipsa loquitur. If the injury is one that 
usually does not occur in the absence of negligence and 
the instrumentality that caused the injury is under the 
control of the defendant, the burden of proof shifts to the 
defendant to show that he or she was not negligent. Such 
situations occur occasionally in the surgical setting, for 
example, when a sponge or a broken needle is left in a 
patient. It is unlikely that the doctrine has much application 
to procedures performed in the uroradiological setting. 

Although this is all rather straightforward and well 
known to most physicians, special problems of interest to 
radiologists and nonradiologists alike occur in three partic- 
ular areas: the erroneous diagnosis, the question of who is 
adequately trained to perform uroradiological procedures, 
and whether to proceed with a urogram on the patient 
who has had previous reactions to contrast agents. 


The Erroneous Diagnosis 


All physicians miss diagnoses. No one is perfect. However, 
if the missed diagnosis causes an injury to the patient, a 
lawsuit may well result. At the trial of the suit, the jury will 
attempt to determine whether or not the miss was negli- 
gent; that is, whether or not the physician was acting 
reasonably at the time he or she missed the diagnosis and 
if not, whether his or her failure to do so injured the 
patient. In evaluating radiographic errors, one must distin- 
guish between a “misdiagnosis” and a “missed diagnosis.” 
With a misdiagnosis, the physician correctly visualizes the 
abnormality on the radiograph, but his or her mental pro- 
cesses lead to an erroneous judgment as to the cause. With 
the missed diagnosis, the physician simply does not see 
the abnormality on the radiograph.? In general, the more 
complex the thought processes and judgment entering into 
a diagnosis, the more difficulty the jury has in determining 
that the physician was negligent.* Misdiagnosis involves 
decision making and judgment, and because lay juries do 
not have the knowledge and expertise to evaluate judg- 
ments about medical procedures, they must depend to a 
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great extent on the opinion of expert witnesses. The jury 
takes the information provided by the expert witnesses to 
the jury room and uses it to determine whether the radiolo- 
gist practiced according an acceptable standard of care. In 
general, the easier it is for the jurors themselves to under- 
stand the thought processes that go into a medical judg- 
ment, the more likely they will be to use their own knowl- 
edge in making a decision. A juror who can easily see a 
fracture line, for example, particularly after the film has 
been magnified three or four times by the plaintiff’s attor- 
ney, will have difficulty understanding how a radiologist 
with years of training and experience could miss such an 
obvious diagnosis. As observed by Berlin, * the diagnostic 
radiologist is more vulnerable to retrospective review of his 
work than are other physicians. The presence or absence 
of a radiological abnormality is usually etched on the film 
for all to see, for all time. 

All radiologists know that a significant number of radio- 
graphic abnormalities are missed.> All radiologists should 
spend more time with each radiograph, should obtain as 
much clinical information about the patient as possible, 
should always compare the present examination findings to 
previous studies, and should work to develop effective 
search patterns to decrease the number of diagnoses that 
are missed. Beyond this, the American College of Radiol- 
ogy has worked to educate the courts to realize that radiolo- 
gists are not infallible (resolution 13, approved at the 1983 
annual meeting of the American College of Radiology) and 
is helping to provide expert witnesses to testify that missing 
some diagnoses on radiographs is not below the standard 
of reasonable care. At least two radiologists have been 
found by juries not to be negligent for having missed 
diagnoses.’ Nonetheless, as a general rule, the more obvi- 
ous the lesion missed or the more obvious the diagnosis 
missed, the more likely negligence is to be found. 


Who Is Adequately Trained to Perform 
Uroradiological Procedures? 


In this country, little attempt has been made to dictate 
what type of medicine physicians practice. In fact, physi- 
cians graduating from medical schools generally obtain 
unlimited licenses from state medical boards to practice 
medicine and surgery. Thus, a licensed physician may prac- 
tice surgery, radiology, urology, or any other form of medi- 
cal care without further training. Physicians trying to do 
so may run into some external constrictions, such as the 
credentials committee of a hospital. However, so long as 
they stay in an office setting, which may itself restrict 
the type of procedures that can be performed, physicians 
themselves determine the level at which they practice their 
profession. If family practitioners or urologists feel com- 
fortable interpreting radiographs and performing intrave- 
nous urograms, their practices will certainly include these 
procedures. They will bill for them and will be reimbursed 
by third-party carriers. Few restrictions have been placed 
on the type of medical care physicians in the United States 
can practice relative to their training, and at least one 
deterrent that keeps physicians from practicing beyond 
their level of skill and training is the fear of malpractice 
litigation. 


From a philosophical or “turf” point of view, the answer 
to the question of who is adequately trained depends very 
much on who supplies it. However, from a legal point of 
view, anyone who has the skill, knowledge, training, or 
experience to meet the standard of care in the community 
for the performance or interpretation of uroradiological 
examinations may do so. In this sense community is a legal 
term meaning the physicians who perform such proce- 
dures. Note that the above list of qualifications does not 
require a residency or a fellowship program in radiology. 
One can acquire the requisite training in a urology or other 
training program, or the experience may be acquired over 
a number of years of performing such examinations. Many 
physicians are self-trained, progressing from simple to 
more complex procedures throughout their careers. Stated 
conversely, physicians who cannot meet the community 
standard of care should not perform or interpret uroradio- 
logical examinations, regardless of their specialty. 

However, as a general rule of negligence law, persons 
must practice according to the same level of experience, 
skill, and training as the group that they purport to repre- 
sent. In a court of law a family practitioner practicing 
plastic surgery will be held to the standard of the plastic 
surgeon, and a urologist interpreting radiographs to the 
standard of the radiologist. A family practitioner or urolo- 
gist cannot escape an allegation of negligence for having 
missed a diagnosis by claiming inadequate training in that 
field. In fact, he or she may well find that the expert 
witness for the plaintiff in the case is a radiologist. Similarly, 
a radiologist may find that the plaintiff's expert witness is a 
urologist, if the judge decides the urologist has adequate 
experience in the interpretation of radiographs and that his 
or her knowledge will help the jury. During the battle of 
the experts, the defense attorney for the radiologist will 
attempt to discredit the urologist’s qualifications to inter- 
pret radiographs. However, a definite trend has developed 
in recent years to allow variously qualified experts to testify 
in malpractice trials and to allow the jury to decide the 
merit of the expert’s testimony. This has resulted from 
the difficulty that many plaintiffs have in obtaining well- 
qualified expert witnesses. With a few exceptions, if the 
plaintiffs cannot find an expert witness to testify as to the 
standard of medical care, they will not prevail. 

Although expert witnesses are supposed to be completely 
objective, regardless of whether they are testifying for the 
plaintiff or defendant, the American legal system is clearly 
adversarial. The parties to the suit select expert witnesses 
whose testimony coincides most closely with their theory 
of the case and pay them well to testify.’ 


The Patient Who Has Had a Previous 
Reaction to Contrast Agents 


All physicians performing intravenous contrast studies are 
faced with the problem, several times a year, of performing 
contrast studies on patients who have had previous contrast 
reactions. Basically, this is a “standard-of-care” question. 
Did the physician meet the standard of care of the commu- 
nity in making a decision to proceed with a repeat injection 
of contrast agent? Was another less-dangerous examination 
available that would have given the same diagnostic infor- 


mation? Did the physician take appropriate precautions to 
mitigate the effects of a repeated reaction? Did he or she 
act within the standard of care of the community in treating 
any reaction that occurred? 

In deciding whether to proceed with a second intrave- 
nous injection of contrast agent, the physician must have 
knowledge of the nature of the first reaction and the 
current standard of practice nationwide regarding the 
amount and type of premedication generally used to pre- 
vent or ameliorate subsequent reactions. The reader is 
referred to Chapter 4 for a comprehensive discussion of 
contrast medium reactions and the standard of care re- 
quired in dealing with them. 

The subject of contrast medium reactions raises the 
question of skin testing prior to the intravascular use of 
contrast medium. Unfortunately, the results of pretesting 
with subcutaneous injections of contrast agent have shown 
no significant correlation with the subsequent occurence of 
a major reaction to the contrast medium. Therefore, no 
legal liability arises for failure to use skin testing. Although 
plaintiffs still raise this issue in contrast medium reaction 
cases, no deviation from the standard of care in the com- 
munity for not doing so can be established, because no one 
today uses skin testing. 

The availability of low osmolar and nonionic contrast 
agents has also changed the manner in which patients who 
have had previous reactions to contrast agents are treated. 
These new contrast agents cause fewer reactions than con- 
ventional contrast agents and are therefore safer to use in 
patients who have had previous reactions. It may be argued 
that low osmolar and nonionic contrast agents should be 
used in patients who are at a higher risk of having a 
reaction than in the general population.’ (The higher-risk 
group includes patients who have had previous reactions.) 
The Committee on Drugs and Contrast Agents of the 
American College of Radiology has made similar recom- 
mendations in their Manual on Iodinated Contrast Media. 
(Reston, VA, American College of Radiology, 1998). The 
at-risk group should be defined liberally, the radiologists 
and hospital should jointly formulate a policy statement 
related to the use of contrast agents in high-risk patients, 
and the written policy should be followed religiously. 

In the waning days of cost plus reimbursement for radio- 
logical service, many hospitals and radiological practices 
moved to an across-the-board use of low-osmolar contrast 
agents because of their greater safety. However, with the 
advent of managed care, many of these same hospitals are 
putting pressure on radiologists to move back to the less 
expensive ionic agents as a cost-saving device. If the con- 
trast medium policy adopted by the hospital allows for a 
mixed use of ionic and nonionic agents and the recommen- 
dations of the Committee on Drugs and Contrast Agents of 
the American College of Radiology are followed, increased 
liability should not result simply because of the selection 
of contrast agents. The committee was a learned group of 
scientists working in the field, and the standards of care 
that it has established can be introduced at a trial to prove 
the community standard. Moreover, ionic contrast media 
have been considered safe and effective since the mid- 
1950s and have been used in millions of patients. The law 
does not require that a physician use a more expensive 
treatment when other safe but less-expensive treatments 
are available. Moreover, no scientific evidence exists of a 
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significant difference between ionic and low-osmolar con- 
trast agents as a cause of the most severe form of a contrast 
reaction: death. Finally, to the author’s knowledge, no con- 
trast medium reaction suits have yet been won by the 
plaintiff because of a failure to use low-osmolar agents.’ | 

The incidence of death from contrast medium reactions 
has decreased in recent years. Although once felt to be 
approximately 1 in 40,000 contrast examinations, the num- 
ber is now given to be 1 in 100,000. In the opinion of the 
author, this decrease in the incidence of death has little to 
do with the contrast agents per se but rather has resulted 
from the improved training of radiologists, technologists, 
and nurses in the recognition and treatment of contrast 
agent reactions. Moreover, the incidence of serious se- 
quelae can be further reduced by further training in the 
recognition and treatment of contrast medium reactions. 
Far too many lawsuits still result from complications of 
contrast reactions. In many of these cases, the technolo- 
gists, nurses, and radiologists have failed to adhere to 
an adequate standard of care in recognizing and treating 
reactions. Personnel in outpatient practices should be par- 
ticularly prepared to deal with any and all reactions. 

Radiologists who give an intravenous injection of contrast 
medium to a patient who has had a previous reaction may 
increase their exposure to a suit, but this does not necessar- 
ily increase their legal liability. That is, the very fact that 
an increased number of repeat reactions to contrast me- 
dium will occur in previous reactors indicates that these 
patients have a greater risk when they receive subsequent 
contrast agents. However, if the examination is definitely 
indicated, if other less-dangerous procedures that will give 
comparable diagnostic information are not available, if the 
patient is given adequate premedication prior to the exami- 
nation, if the appropriate equipment and drugs are avail- 
able to take care of a reaction, and if the patient is appro- 
priately treated following a reaction, no deviation from the 
acceptable standard of care has occurred, and no legal 
liability should result. Although informed consent is dis- 
cussed in the next section, it should be mentioned at this 
point that the radiologist’s burden of disclosure increases 
in patients who have had previous contrast reactions, and 
the patient must be made aware of the increased chance 
of an anaphylactic reaction and death.” 

On the subject of contrast agents and the standard of 
care, the author is impressed with the number of times a 
suit results because a contrast reaction occurs while the 
patient is unattended. This takes place because the radiolo- 
gist or technologist injects a bolus of contrast medium, 
watches the patient for several seconds, and then leaves 
the room. The technologist exposes the radiograph and 
leaves to develop the film. Then the patient has a hypoten- 
sive episode and is found unconscious when the technolo- 
gist returns to take the next film. Delayed reactions to 
intravenous injections of contrast agents may occur more 
than 20 minutes after injection of the contrast medium, 
and a reasonable standard of care should probably require 
that the patient be carefully monitored throughout the 
examination. 


INFORMED CONSENT FOR 
URORADIOLOGICAL PROCEDURES 


The bottom line of informed consent is simple consent." 
Regardless of any state’s specific rules concerning the infor- 
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mation that a patient must be given in order to allow an 
informed consent to a proposed procedure or treatment, 
all states require that the physician obtain the patient’s 
simple consent before proceeding. This consent may be 
express or implied. Thus, patients may state that it is all 
right to proceed with the procedure or, by some action 
(e.g., holding out an arm for the injection of intravenous 
contrast medium), they may imply their consent. Because 
almost all uroradiological procedures are performed on 
conscious patients, it would be unusual to find a patient 
who has not, by some act, implied consent to the proce- 
dure.'*!" 

An interesting case illustrating how a radiologist failed 
to obtain simple consent is Gragg v. Neurological Associ- 
ates (263 SE 2d 496 [Ga App, 1979]). In Gragg, a neurolo- 
gist was performing a cerebral arteriogram in the radiology 
department. When he had a problem manipulating the 
catheter into the carotid artery, he requested help from 
the neuroradiologist, who came to the angiography room, 
put the catheter in the proper position, and left. The 
neurologist then injected the carotid artery, and the patient 
had a stroke. The patient sued the neurologist for negli- 
gence in performing the injection and the neuroradiologist 
for lack of consent. 

The trial court found in favor of both defendants: for 
the neurologist because the plaintiff could not find an 
expert witness to testify that he had not met the standard 
of care, and for the radiologist because the judge accepted 
the radiologist’s defense of the Good Samaritan statute. 

The plaintiff appealed to the Georgia Court of Appeals, 
claiming that the court's use of the Good Samaritan statute 
to release the radiologist from liability was in error. The 
Court of Appeals agreed. Reversing the trial court judg- 
ment, the appellate court held that the difficulties experi- 
enced by the neurologist during the performance of the 
angiogram were not the type of emergency that the Good 
Samaritan statute was intended to cover. After the Court 
of Appeals decision, Gragg again filed his suit against the 
neuroradiologist, and the neuroradiologist moved for sum- 
mary judgment. This time, the trial court denied his motion 
because he had done the catheter manipulation without 
the patient’s consent. 

Although the decision sounds “unjust” on the surface, it 
is technically correct from a legal point of view. Many of 
us have been in the neuroradiologist’s shoes; however, it is 
important to remember that when a radiologist agrees to 
assist another physician who has obtained an appropriate 
consent for the procedure, the radiologist must introduce 
himself to the patient, request permission to assist, and 
place a note in the chart that such permission was granted. 

The above rule requiring simple consent has an excep- 
tion. All states have an implied consent doctrine to allow 
emergency treatment of patients who are unconscious or 
otherwise unable to give consent. If the patient is in an 
emergency situation and delay would cause a deterioration 
in his or her condition, and if a reasonable person under 
the same or similar circumstances would have given con- 
sent, consent will be implied. Thus, when we discuss con- 
sent, we are talking about nonemergent situations. If an 
emergency exists, the physician is protected by the implied 
consent doctrine. Courts liberally allow treatment in emer- 
gency situations for public policy reasons because they do 


not want to discourage physicians from giving appropriate 
treatments in emergencies. 

There are two settings in which consent must be ob- 
tained, but it need not be informed consent. The first 
occurs when the patient states that he or she does not want 
to know the complications. This is known as waiver, and 
the physician can simply make a note in the chart to this 
effect, preferably co-signed by the patient, and no further 
information need be given. 

The second exception is known as the therapeutic privi- 
lege. If the information to be divulged about the procedure 
would be harmful to the patient, the physician need not 
provide such information. This is a reasonably narrow ex- 
ception, however, and probably is limited to extremely 
severe mental anguish. Moreover, the use of such a defense 
in a malpractice trial sounds self-serving, particularly if the 
plaintiff insists that if he or she had been adequately 
informed of the risks and complications, he or she would 
have refused the procedure. Physicians tend to use the 
therapeutic privilege when they fear that full disclosure of 
the risks and complications may frighten the patient from 
undergoing a needed elective procedure. A concern may 
exist that if a patient refused a needed procedure because 
he or she was provided too much information about the 
risks, the radiologist may be liable. This is not the law in 
any state, and it is unlikely to ever become such. A court 
ruling in favor of the plaintiff in this situation would under- 
mine the basic principle of informed consent, which en- 
courages physicians to share as much knowledge as possible 
with the patient so that the patient can participate actively 
in decisions regarding health care." In a national survey of 
radiologists, Spring and colleagues found that fewer than 
1% of patients refused contrast injections after being fully 
informed of the risks.!* © 

When a procedure or treatment is given to a patient 
without consent, this action constitutes civil battery, and 
the physician becomes liable for all of the damages that 
occur because of that battery. Some states have retained 
the battery theory for nonconsent to medical procedures, 
and a few states have retained the theory of battery for 
defective consents (such as lack of informed consent or 
consent from a patient who does not have the mental 
capacity to give consent). However, courts have never been 
comfortable with the legal theory of battery for lack of 
informed consent, because the stigma that attaches to an 
intentional tort should not apply to a physician who has 
negligently failed to give the patient adequate information 
about a procedure. Therefore, almost all states have moved 
to a negligence standard for evaluating the adequacy of the 
informed consent, some by statute, most by case law. 

Before moving to a more detailed discussion of the 
ramifications of informed consent to urologists and radiolo- 
gists, the elements of an action for negligent failure to 
obtain informed consent, all of which must be satisfied for 
the plaintiff to prevail, should be reviewed. The elements 
include the duty, the breach of the duty, causation, and 
injury. In the informed consent setting, the duty is to 
provide the patient with adequate information to make a 
decision whether to accept or reject a procedure. The 
actual information that must be transmitted to the patient 
varies from state to state, but it generally includes a de- 
scription of the procedure to be done, the risks and compli- 


cations of the procedure, alternative procedures that are 
available, and the risk to the patient of not having the 
procedure performed at all. These tend to be the material 
facts a patient should be given to balance the pros and 
cons and decide whether to accept the procedure. If the 
patient-plaintiff can show that the information given was 
inadequate for a reasonable person to make a decision, the 
physician has breached his duty. However, remember that 
the plaintiff must also show causation, and this requirement 
may frequently be more difficult than showing a breach of 
duty. The patient must show that if the information that 
was negligently omitted had been known, the patient would 
have rejected the procedure. Finally, the plaintiff must 
show that acceptance of the procedure without adequate 
knowledge resulted in an injury. 

Several states require that consent to medical procedures 
be obtained in writing, signed by the patient, and witnessed 
by a neutral observer. In states without such requirements, 
a verbal consent and a written consent are equally valid. 
However, the physician, for his or her own protection, 
should make a note on the chart that the risks, complica- 
tions, and alternative procedures were explained to the 
patient. In fact, some attorneys prefer a vague description 
of the consent process be placed in the chart, signed by 
the physician, because juries tend to believe the informa- 
tion written in patients’ charts, unless it is clearly fraudu- 
lent. At the time of the trial, the physician’s attorney can 
ask what risks and alternative procedures are usually di- 
vulged to the patient. Of course, the complication that 
occurred will likely be given. However, if a detailed listing 
of the complications does not include the complication that 
occurred, the physician faces a presumption that the spe- 
cific complication was not revealed. 

If the plaintiff can prove absence of informed consent, 
the defendant will be liable for the damages that flow from 
that lack of informed consent, including the injuries caused 
by the alleged, even if unproven, medical negligence in 
performing the procedure. However, plaintiffs rarely win 
in the issue of inadequate consent alone. 


THE STANDARDS FOR NEGLIGENT FAILURE 
TO OBTAIN ADEQUATELY INFORMED 
CONSENT 


The various states have chosen among three legal standards 
for judging whether or not the amount of information 
given the patient was adequate. In increasing order of the 
amount of information required to be disclosed to the 
patient, these standards are: (1) the reasonable physician 
standard, (2) the reasonable patient standard, and (3) the 
subjective patient standard. In addition, several states have 
passed statutes that regulate the information to be ob- 
tained; most of these are codifications of one of the preced- 
ing standards. 

The reasonable physician standard focuses on what infor- 
mation reasonable physicians under the same or similar 
circumstances would tell their patients about the proce- 
dures to be done. This requires expert testimony, because 
a juror has no idea about the standard of care of the 
physicians in the community. However, when a jurisdiction 
moves to the reasonable patient standard, the focus be- 
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comes what a reasonable patient would want to know under 
the same or similar circumstances to make a decision as to 
whether to accept a procedure. Under this standard, expert 
testimony is generally not required, because the jury knows 
what a reasonable patient would want to know, all jurors 
being reasonable persons themselves. 

In recent years, informed consent has become an im- 
portant part of medical malpractice litigation, more for 
technical than substantive reasons. As pointed out in a 
Rand Corporation Report,” the progressive move away 
from the reasonable physician approach toward the reason- 
able patient approach for deciding whether consent was 
negligently obtained allows a plaintiff to get the case before 
a jury without requiring an expert witness to testify. 

Oklahoma”! uses the subjective patient standard. In most 
states the jury is asked to focus on what an abstract, 
objective patient-plaintiff would want to know to decide 
whether to accept or reject a procedure. In a state with a 
subjective patient standard, the jury focuses on what the 
specific patient would want to know. This is, in effect, an 
unworkable rule that places an unacceptable burden on 
the physician, since the plaintiff, at the time of the trial, 
will consider whatever piece of information that was miss- 
ing from the physician’s informed consent to be material. 
Physicians in these states must inform the patients of all 
potential risks and complications of the proposed proce- 
dure. 

Each radiologist or other physician performing uroradio- 
logical procedures should be familiar with rules of their 
particular state regarding the amount and type of informa- 
tion that they must give to patients. Some 23 states now 
have consent statutes, and, at the very minimum, every 
physician should be aware of the requirements of their 
state statute. 


CONSENT FOR INTRAVENOUS INJECTIONS 
OF CONTRAST AGENT 


One of the major questions facing uroradiologists is 
whether or not informed consent need be obtained for the 
intravenous injection of contrast agents and, if so, what 
complications must be disclosed. 2 Because little guid- 
ance has been provided by the courts or the legislatures, 
the answer to this question must be speculative. In the 
author’s opinion, the answer depends on the type of juris- 
diction in which one practices. In the jurisdictions that use 
the reasonable physician approach, the physician should 
inquire as to whether his or her colleagues are informing 
patients about the risks and complications of intravenous 
injections and, if they are, what complications are being 
disclosed. In this type of jurisdiction, the physicians, to a 
great extent, set their own standards, and if some physi- 
cians are giving the patient information about the complica- 
tions of intravenous injection of contrast agents, all should 
probably do so. In the reasonable patient type of jurisdic- 
tion, all patients should be informed of the approximately 
1 in 100,000 chance of death that accompanies the injec- 
tion of ionic intravenous contrast agents, because every 
reasonable person would probably consider the chance of 
death to be material, even when its occurrence is low. 


What information is divulged beyond the possibility of 
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death depends on what the radiologist or physician deter- 
mines would be material to an informed decision. As a 
general rule, materiality equals incidence times severity. 
Therefore, the patient should probably be informed of all 
very common complications, such as the common allergic 
reactions, as well as the risk of death. As a practical proce- 
dural matter, patients who accept an intravenous contrast 
agent knowing about the risk of death should have a more 
difficult time showing that they would have rejected the 
procedure if they had been informed of a less severe 
complication. 

In a case in Washington, a state in which the reasonable 
patient standard is used, an injection of contrast medium 
for an intravenous urogram resulted in thrombophlebitis.“ 
Several complications of intravenous injection of contrast 
material are listed in the Physician’s Desk Reference (PDR). 
The PDR has become as important to lawyers as it is to 
physicians, and every plaintiffs attorney has a copy in his 
or her possession. The plaintiff claimed at the trial that 
the very fact that thrombophlebitis is listed as a potential 
complication in the PDR sets a legal standard, requiring 
disclosure to the patient. At the trial, the jury found that 
the complication was not particularly severe and that its 
incidence was uncommon enough that a reasonable person 
would not necessarily want to know about it in making a 
decision to have an intravenous urogram. On appeal, the 
Washington Supreme Court agreed, stating that the PDR, 
although helpful to the physician in deciding what to tell 
the patient, is not determinative of what must be revealed. 

In jurisdictions using the subjective standard,” the physi- 
cian is in a difficult position and must reveal all potential 
risks and complications of intravenous urography. For the 
physicians in these states, the list in the PDR is a very 
useful guide as to what should be disclosed. At the other 
end of the legal spectrum, Texas has codified informed 
consent for all radiological procedures, and, by statute, 
physicians need not inform patients of the risks of intrave- 
nous injections of contrast agent unless the patient asks. 

For radiologists who use both ionic and low-osmolar 
contrast agents, a legal issue exists as to whether a patient 
should be informed of the availability of the safer, low- 
osmolar contrast agents. In the opinion of the author, this 
depends on the type of jurisdiction in which the radiologist 
practices. For the radiologist practicing in a reasonable 
physician jurisdiction, whether the patient is informed of 
the availability of low-osmolar contrast agents depends on 
whether a significant number of radiologists in that jurisdic- 
tion inform their patients of the availability of these agents. 
As noted above, physicians in such jurisdictions pretty well 
set their own standard of care. However, if the radiologist’s 
practice is in a reasonable patient jurisdiction, it is likely 
that a reasonable person would want to know about the 
availability of a contrast agent that causes fewer reactions.” 
In studies by Hopper and Matthews and others,!° 3! low- 
risk patients, when offered the choice, elected to receive 
the low-osmolar contrast agents, even if it required extra 
payment outside their insurance plans. 


WHO CAN GIVE CONSENT TO MEDICAL 
PROCEDURES? 


The basic rule in all jurisdictions is that a competent adult 
patient or his or her legal representatives can consent to 


or reject medical procedures to be performed on them- 
selves or their legal wards. Besides competent adult pa- 
tients, however, physicians are frequently faced with minors 
or incompetent adult patients who do not have legal repre- 
sentatives. The definition of incompetency and the mental 
level required for a person to be competent varies from 
one type of decision-making to another. In the informed 
consent context, however, competence requires the ability 
to understand the nature of the consent process and the 
ability to balance the pros and cons of the procedure and 
come to a rational decision as to whether to accept the 
procedure. This is a relatively high level of mentation, and 
physicians may be faced frequently with patients who do 
not have this level of mental capacity. 

Who can give consent for such patients? Almost all states 
have statutes that allow parents, adult brothers and sisters, 
and a list of other near relatives to give consent for the 
treatment of minors. An increasing number of states also 
have such statutes for incompetent adults. Also, in all 
states, consent may be obtained from a legal representative; 
that is, a person who has the legal power to act on behalf 
of others. This includes guardians, conservators, and per- 
sons with a valid durable power of attorney. If a state has 
no statutory or case law that gives a spouse or near relative 
the right to consent on behalf of an incompetent patient, 
and no legal representative is available, the physician 
should request that the hospital attorney get a court order 
or have a guardian ad litem appointed by the court of 
appropriate jurisdiction in the community. This usually can 


be done quickly. 


DETAILED CONSENT FORMS 


Another aspect of informed consent that has interested 
radiologists is the use of detailed consent forms. These 
forms give the patient, in writing, the necessary information 
about risks, alternative procedures, and so forth.”° They are 
certainly an excellent record of the information provided 
to the patient. They allow patients to read the information 
and to formulate questions that they may want to ask the 
physician before consenting to the procedure. The patient's 
witnessed signature on the form indicates agreement to 
have the procedure performed with the knowledge of the 
complications, risks, and alternative procedures that are 
listed on the form. Unfortunately, however, the printed 
form indicates equally well the risks and complications 
about which the patient was not informed. This may be- 
come a problem if the patient develops one of those com- 
plications. Although the courts have not reviewed the valid- 
ity of detailed consent forms in a radiological context, they 
have done so in other phases of medical practice. In these 
cases the courts have upheld the validity of the consent 
form as documentation of what information the patient was 
given. In one case involving the experimental use of an 
artificial heart, the detailed consent forms were a central 
part of the court’s decision that the consent was an in- 
formed consent.” 

Detailed consent forms are probably most useful in 
states using the reasonable person or subjective person 
standard. In the former type of jurisdiction, they should 
describe the procedures to be done in lay language and list 


all material risks, complications, and alternative proce- 
dures; in the subjective patient type of state they should 
probably list all complications and risks. The incidence of 
each complication should be supplied, if it is known. The 
consent should have a paragraph that invites the patient to 
ask the physician any further questions and should include 
a clause stating that the patient has read and understood 
the nature of the risks and complications. The signature 
should be witnessed by a disinterested party. 

If detailed consent forms are used, they should not 
replace a discussion between the physician performing the 
procedure and the patient. Courts have been consistent in 
holding that responsibility for obtaining consent lies with 
the physician who is performing the procedure or treat- 
ment.” Therefore, the physician should have a discussion 
with the patient about the procedure, elaborating on the 
information on the detailed consent form. The consent 
form should be used simply as documentation of what the 
patient was told, in case a complication or other problem 
related to the procedure leads to a lawsuit. A detailed 
written consent form should remove informed consent as 
an issue at the time of litigation if the complication that 
occurred was listed on the signed consent form. 


LIABILITY OF RADIOLOGISTS FOR THE ACTS 
OF OTHERS INVOLVED IN 
URORADIOLOGICAL PROCEDURES 


As the complexity of procedures increases, the greater the 
number of technologists, nurses, and other personnel who 
are involved in helping the radiologist perform the proce- 
dure. It is important for radiologists who receive the help 
of a nurse or technologist to recognize that if they are 
present and supervising nurses and technologists during 
the course of a radiological procedure, they may become 
the nurse or technologist’s employer for that procedure.” 
This occurs under the borrowed servant rule. Without 
entering a long discussion of the legal theories behind such 
a rule, which certainly seems strange to most physicians, 
this is long-established law. Therefore, just as the angiogra- 
pher has the responsibility for checking that the technolo- 
gist has loaded the appropriate contrast medium into the 
injector and set the appropriate injection factors, it is 
equally important that radiologists and physicians per- 
forming uroradiological interventional procedures under- 
stand and carefully control the activities of the technolo- 
gists and nurses assisting them.” A negligent act on the 
part of one of the nurses or technologists that occurs 
in the physician’s presence may well be imputed to the 
physician. 

The ultimate extension of this principle was embodied in 
the captain-of-the-ship doctrine, which held an operating 
surgeon liable for all of the negligent acts of hospital 
employees working in the operating room during the 
course of the operation. Although most jurisdictions have 
retreated from an express captain-of-the-ship doctrine ap- 
proach in the hospital, a few have retained the rule. 

Whether a physician is liable for a negligent injection of 
contrast medium by a nurse, technologist, or other hospital 
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employee in the physician’s absence depends primarily on 
whether an agreement exists between the physician and 
the hospital. As a general rule, a physician can expect that 
hospital nurses and technologists will carry out, in a non- 
negligent manner, the duties that are assigned by the hospi- 
tal. However, if an agreement, expressed or implied, allo- 
cates to the physician responsibility for supervision of the 
nurse or technologist in the performance of intravenous 
injections or any other procedures, the hospital will likely 
be able to shift its liability to the physician under the 
borrowed servant rule. In other words, the physician has 
“borrowed” the nurse from the hospital, and the nurse is 
the physician’s employee for that procedure, even though 
the hospital pays the nurse’s salary and has the power to 
hire and fire the nurse. 

From the physician’s point of view, the most important 
document to which the courts have looked to determine 
whether an agreement exists is the departmental policies 
and procedures manual. Radiologists should actively partic- 
ipate in the formulation of departmental policies and pro- 
cedures and should be careful not to accept the supervisory 
responsibility over hospital employee acts that they, in fact, 
cannot actively supervise. In general, courts have consid- 
ered a detailed description of how the employee is to carry 
out a given act or procedure in the policies and procedures 
manual as evidence that the hospital intended to retain 
control over that act. However, most jurisdictions have 
retained rules that still place a great responsibility on the 
supervising physician for negligent acts that are committed 
by hospital employees in the physician’s presence. 
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CHAPTER 3 


Radiation Management in 
Uroradiology 


RICHARD A. GEISE * RICHARD L. MORIN 


Uroradiological procedures can involve substantial amounts 
of ionizing radiation and therefore require careful attention 
to radiation management. This chapter reviews radiation 
units, regulations, the principles of radiation safety, and 
methods and equipment for reduction of patient and staff 
radiation dose in uroradiology. 


MEASURES OF RADIATION 


When radiation passes through matter it can interact with 
atoms by removing electrons from the atoms. This process 
of producing ion pairs can occur either by photoelectric 
absorption or by Compton scattering.’ The charge pro- 
duced by radiation per unit mass of air is referred to as 
the radiation exposure. Radiation exposure has historically 
been expressed in units called roentgens (R). The current 
unit of exposure is coulombs per kilogram (C/kg). One 
coulomb per kilogram equals approximately 4,000 R. 

The exposure does not directly indicate the amount of 
energy deposited in a material because different materials 
absorb different amounts of radiation.’ The energy from 
the radiation that is deposited per unit mass is referred to 
as the absorbed dose and is measured in units called grays 
(Gy). A gray is equal to a joule per kilogram (J/kg). The 
older unit of absorbed dose, the rad, is equal to 0.01 Gy. 

Ionizing radiation other than x- and y-rays, such as those 
encountered in the nuclear power industry, may cause a 
greater amount of biological damage for a particular ab- 
sorbed dose compared to x-rays. A radiation weighting 
factor is applied to different types of radiation to quantify 
this effect. The product of the dose and the radiation 
weighting factor is called the equivalent dose. Equivalent 
dose is expressed in units called sieverts (Sv). The 
weighting factor is always defined relative to the effective- 
ness of x-rays. Thus, this factor is one for x- and y-radiation. 
In other words, when x-rays are involved, the equivalent 
dose and the absorbed dose have the same value. Just as 
one rad is 0.01 gray, the older unit of equivalent dose, the 
rem, is equal to 0.01 Sv. Patient doses are traditionally 
expressed in rad or grays, whereas equivalent dose (in 
sieverts or rems) is a more common way to express results 
of radiation monitoring of personnel who work around 
radiation. 

As a beam of radiation passes through the body it is 
attenuated, so the dose at one point in the beam can be 
very different than that at another. For example, the aver- 
age dose to an internal organ in the x-ray beam is signifi- 


cantly less than that to the skin where the beam enters. 
Dose can be expressed at a point or it can be averaged 
over a larger volume, for example an organ. The dose can 
also be averaged over the entire body. However, such an 
average will not have much significance, because different 
organs have different sensitivity to radiation. A concept 
called the effective dose describes an average equivalent 
dose to the body, weighted according to the relative risk of 
harm to various organs. Effective dose is expressed in the 
same units as equivalent dose. The effective dose is gener- 
ally used to compare the risk of cancer and genetic effects 
from radiation among populations exposed in different cir- 
cumstances, for example, patients who received IV uro- 
grams and persons exposed to radon gas in their homes. 
These radiation units are summarized in Table 3-1. Be- 
cause “dose” and “equivalent dose” can be used inter- 
changeably for x-rays, we will express both doses and equiv- 
alent doses in this chapter using the sievert wherever 


possible. 


TYPICAL DOSES 

The average person in the United States receives an effec- 
tive dose of radiation from natural sources, including radon, 
cosmic rays from outer space, and radioactive materials in 
the earth and in our bodies, that is on the order of 3 mSv/ 
year. This varies by about 1 or 2 mSv from cities at sea 
level to those at high altitudes. 

Typical doses to patients from several types of proce- 
dures are given in Table 3-2. Because of differences in 
patient size and imaging equipment, doses can easily vary 
by factors of 3 or 4 in either direction from the values in 
the table. A dose from a fluoroscopic procedure can be 
significantly greater than that from a single radiograph. For 
example, 1 minute of fluoroscopy of the abdomen or pelvis 


TABLE 3-1 ° Radiation Units 


Radiation Traditional 

Quantity Unit SI Unit Conversion 
Exposure roentgen (R) coulomb (C)/kg 1 C/kg = 3876 R 
Absorbed dose rad gray (Gy) 1 Gy = 100 rad 
Equivalent rem sievert (Sv) 1 Sv = 100 rem 

dose 
Effective dose rem sievert 
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TABLE 3-2 * Typical Adult Patient Doses* 


Procedure Skin Entrance Dose (mSv) 
Film (adult AP KUB) 2 
Film (5-yr-old AP KUB) 0.8 
Film (1-yr-old AP KUB) 0.3 
Film (adult oblique)t 4 
Film (adult lateral) t 10 
CT scan (adult) 30 
Fluoroscopy of 1 kidney (adult 30 
PA, per min)t 
Te-99m MAG3 (10 mCi) NA 
Tc-99m Pertechnetate (10 mCi) NA 
1-131 Hippurate (0.2 mCi) NA 
Tce-99m DTPA (10 mCi) NA 
Tc-99m DMSA (10 mCi) NA 
Te-99m Glucoheptonate (10 mCi) NA 


Critical Organ /Dose (mSv) Effective Dose (mSv) 


Uterus, ovaries/0.5 0.2 
Uterus, ovaries/0.3 0.2 
Uterus, ovaries/0.1 0.06 
Uterus, ovaries/1 0.4 
Ovaries/0.7 0.4 
Uterus, ovaries/15 5 
Kidney/7 l 
Bladder wall/51 4 
Bladder wall/13 4 
Bladder wall/11 0.7 
Bladder wall/28 3 
Kidney/75 6 
Bladder wall/27 4 
Kidney/16 


*Doses vary widely from patient to patient. Numbers in this table should not be used to make decisions about a particular patient’s care. 
tPediatric doses for radiographs and fluoroscopy are approximately in the same proportion to adult doses as for the AP view. 
AP = anteroposterior, KUB = kidneys, ureters, bladder; PA = posteroanterior; MAG3 = mercaptoacetyltriglycine,; DTPA = diethylenetriamine-pentaacetic acid; 


DMSA = dimercaptosuccinic acid. 


yields a skin dose in the range of 20 to 50 mSv, which is 
about ten times the dose from a single radiograph of the 
same area. 

The dose to personnel working with patients is directly 
related to the dose delivered to the patients. As a rule of 
thumb, an unprotected individual standing about 1 m from 
the patient during fluoroscopy will receive a dose about 
1000 times less than the entrance skin dose that the patient 
receives. Looking at Table 3-2, this would yield an effective 
dose rate in the range of 2 mSv/hour. For comparison, 
standing 1 meter from a patient who has received techne- 
tium-99m in one of the studies listed in Table 3-2 would 
yield an effective dose rate of less than 0.01 mSv/hour. 

Due to careful observation of radiation protection tech- 
niques, typical readings from the personnel monitors of x- 
ray technologists range from less than 1 to about 10 mSv/ 
year. The average reading is less than 2 mSv/year. The 
higher readings are associated with technologists involved 
in special vascular procedures. Bear in mind that the actual 
effective dose is significantly less than the monitor reading 
in instances in which the monitor is worn outside of a lead 
apron during fluoroscopic procedures. For the majority of 
x-ray technologists, the additional effective dose due to 
occupational exposure is essentially immeasurable. Doses 
to radiologists and urologists involved in fluoroscopic pro- 
cedures are generally somewhat higher than those to tech- 
nologists. 


RADIATION BIOEFFECTS 


The biological effects of radiation can be separated into two 
categories: stochastic and deterministic. The occurrence of 
stochastic effects, such as cancer, have only been verified 
directly above about 0.1 Sv. However, it is generally as- 
sumed that the existence of these effects at any dose 
above zero has a finite probability. The actual relationship 
between dose and risk is unknown and is therefore the 
subject of considerable debate. Assuming a simple propor- 


tional relationship between effective dose and risk, the 
probability that a radiation worker will die of cancer from 
an effective dose of 10 mSv received over a working life 
has been estimated at 4 in 10,000.” 

For deterministic effects, such as cataracts, erythema, 
epilation, and sterility, there appears to be a threshold 
dose below which these effects are not detectable. The 
thresholds are quite high, roughly 2 Sv from acute exposure 
and 6 Sv from chronic exposure at low dose rates. The 
severity of these effects increases with increasing dose. In 
the skin, for example, doses less than 6 Sv cause only mild, 
temporary erythema. A more severe and longer-lasting ef- 
fect occurs at higher doses. Desquamation is seen above 
about 10 Sv, and dermal necrosis occurs above about 18 
Sv.3 About 5 or 6 Sv would have to be delivered to the lens 
of the eye over several weeks to produce cataracts in 
humans.** It may be that doses of about 15 Sv are neces- 
sary to induce cataracts to workers in the diagnostic radiol- 
ogy setting.” 7 


RADIATION PROTECTION REGULATIONS 


The Center for Devices and Radiological Health of the 
U.S. Food and Drug Administration (FDA) regulates the 
design and manufacture of x-ray equipment, but it places 
no requirements on the operation of the equipment. Indi- 
vidual states regulate the use of x-ray equipment. Although 
some variation exists from state to state, most states have 
followed the recommendations of the National Council on 
Radiation Protection and Measurements (NCRP) in setting 
occupational dose limits (Table 3-3). In addition to these 
limits, the NCRP recommends that doses should always 
be kept “as low as reasonably achievable.” This, so-called 
ALARA policy is based on the assumption of the propor- 
tional dose-risk relationship mentioned above. Although 
the fluoroscopist’s hands and forearms may be exposed 
during fluoroscopic procedures, doses to the eyes and thy- 
roid are generally of greater concern and are therefore 


TABLE 3-3 * Occupational Dose Limits (mSv) 


Area 13 wk Yearly Cumulative Lifetime 
Effective dose 12.5 50 Age (yr) X 10 
Hands = 750 
Lens of eye 37.5 150 
Other organs 125 500 
Fetus 0.5 during gestation, 0.05/mo 


more closely monitored. Other sources provide more de- 
tail regarding the general philosophy of radiation protec- 
tion as well as specific recommendations for particular situ- 
ations.* 7 =! 


MONITORING RADIATION TO PERSONNEL 


Any personnel who might receive 25% of the regulatory 
occupational limits from their work should be provided 
with a radiation monitoring device. This includes anyone 
routinely present in a fluoroscopy suite during any fluoro- 
scopic procedures (e.g., cystoscopy or lithotripsy), in an 
interventional radiology suite, or in the operating room 
(e.g., for percutaneous nephrostomy). 

The film badge is the most common method of monitor- 
ing radiation doses to personnel. Film badges are practical 
and economical. Thermoluminescent dosimeter (TLD) 
badges are used at some institutions as a slightly more 
accurate and more expensive alternative to film badges. 
Each person potentially exposed to x-rays must wear at 
least one badge, preferably at the collar level, outside the 
lead apron. Calculation of effective dose is more accurate, 
and doses to the thyroid and eyes can be more easily 
determined if the badge is worn in front of, rather than 
behind, the apron. Some institutions supply two badges, 
one in front of and one behind the apron. The badge worn 
behind the apron allows a better estimate of the dose to 
the fetus if the employee is pregnant. Some state regula- 
tions specify where on the body the badge must be worn. 
Ring badges containing TLDs may also be worn to monitor 
hand radiation dose. Lead-impregnated surgical gloves are 
also available. 

Doses recorded by film badges and rings are often not 
known until 1 or 2 months after the time of exposure. 
Using a personal (pocket) dosimeter overcomes this prob- 
lem in situations in which it is desirable to have more 
immediate information.” These devices are generally ex- 
pensive and fragile and are usually limited to monitoring 
pregnant personnel. 


RADIATION PROTECTION FUNDAMENTALS 


As was suggested above, patient exposure, and therefore 
personnel exposure, builds up rather quickly with fluoros- 
copy. At a typical patient skin dose rate of 30 mSv/minute, 
the unprotected fluoroscopist would receive 0.03 mSv/ 
minute of exposure. Thus, the fluoroscopist could reach 
the quarterly occupational dose limit of 1.25 mSv in under 
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45 minutes. This rate of exposure clearly has to be reduced 
by some means. The basic methods for reducing personnel 
exposure are through the use of time, distance, and 


shielding. 


Time 


The radiation dose is directly proportional to the time of 
exposure. When time is cut in half, patient and staff doses 
are also cut in half. The exposure time during fluoroscopy 
is primarily controlled by the fluoroscopist. Therefore, to 
reduce exposure time, the fluoroscopist should never de- 
press the foot switch except while observing the fluoro- 
scopic image. Many newer fluoroscopic systems incorporate 
a “last image hold” capability. This allows the operator to 
view the final frame of the televised image after stepping 
off the exposure switch. This feature should be used in- 
stead of continuous fluoroscopy when it is not necessary to 
view motion. Time of exposure will also be reduced if only 
those personnel needed for a procedure are in the room 
during fluoroscopy. 

Many x-ray equipment manufacturers offer pulsed fluo- 
roscopy as an option. Using pulsed fluoroscopy, the number 
of frames recorded per second can be the same as in 
continuous fluoroscopy or it can be reduced, usually by a 
factor of 2 or 4.4 This is normally a means of reducing 
dose. However, it is also possible to increase the output of 
the x-ray generator in the pulsed mode. This is done in 
some vascular imaging systems to improve the visibility of 
the contrast agent in moving vessels. For such systems, 
under certain circumstances, patients and personnel re- 
ceive a larger, rather than a smaller, dose when using the 
pulsed mode. Dose rates in all modes of fluoroscopic sys- 
tems should be regularly checked by a medical physicist 


and should be posted conspicuously. 


Distance 


An x-ray beam becomes wider as it moves farther from the 
radiation source. Because of this, the radiation exposure, 
E, decreases as the inverse square of the distance, d, from 
the source. 


E, / Ey = d,?/ d,? 


Although only approximately accurate, this “inverse 
square law” is useful in reducing radiation dose to person- 
nel exposed to scattered radiation from that part of the 
patient being exposed to the primary x-ray beam. For 
example, if the distance from a radiation source is tripled, 
the radiation intensity decreases to about one-ninth its 
original value (Fig. 3-1A). Measurements indicate that eye 
dose reductions of 84% are possible by changing the opera- 
tor’s position from table side to 30 cm from the table.” 
Personnel who do not need to be close to the patient 
should always stay as far away as is reasonable from the 
part of the patient being imaged. 

The inverse square law only partially describes the rela- 
tionship between dose and position of the operator. Be- 
cause the x-ray beam is most intense as it enters the 
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patient, much more scattered radiation is produced on that 
side of the patient than on the side at which the beam 
exits. Therefore, scatter is more intense from the patient 
back toward the x-ray tube than it is toward the imaging 
system (e.g., cassette). As a rule of thumb, the greatest 
operator exposure occurs when the path between an opera- 
tor and the location at which the x-ray beam enters the 
patient is unobstructed. For example, maximum eye expo- 
sure occurs when a person can see the area where the 
beam enters the patient (Fig. 3-2B). Additional radiation 
protection considerations may be necessary depending on 
a staff member's height. In general, the eyes and thyroid 
of a shorter person are closer to the source of scattered 
radiation than are those of someone who is taller. The 
distribution of scattered radiation around fluoroscopic 
equipment is system-dependent and should be verified by 
measurements for each fluoroscopy suite. 


Shielding 


It is not always possible to change one’s position relative to 
the beam. Thus, many types of shielding devices have 
been suggested to reduce staff doses during fluoroscopic 
procedures.'* '**? Unfortunately, protective barrier devices 
are often awkward due to time and space limitations. 

The reduction of the exposure of an x-ray beam as it 
passes through matter is roughly exponential. It can be 
described by the following equation: 


E = E, (1/10) 


where Eo and E are the initial and transmitted radiation 
exposure, respectively, and n is the number of tenth-value 
layers (TVL) of the material. The TVL is the thickness of 
the material required to reduce the radiation to one-tenth 
of its original amount. The amount of transmission depends 
on the atomic number and density of the material as well 
as on the energy of the radiation. Therefore, small amounts 
of shielding material can greatly reduce the intensity of an 
x-ray beam under certain circumstances. 


FIGURE 3-1 * A, Isoexposure 
curves (mR/hour) in transverse 
plane through fluorescent screen of 
typical fluoroscope. Factors are 85 
kVp, 5 mA, HVL 3 mm of alumi- 
num. Field area is 10 X 10 cm. 
Phantom is 20 x 20 x 20 cm. B, 
Isoexposure curves of same fluoro- 
scope showing reduction of scat- 
tered radiation after addition of lead 
rubber curtain and Bucky slot cover. 


A standard 0.5-mm thick lead apron provides between 1 
and 2 TVL at x-ray energies used in medical imaging. Lead 
aprons should always be worn by anyone involved in any 
fluoroscopic procedure. Not all aprons are created the 
same. Some manufacturers try to reduce the weight of the 
apron by cutting out larger arm holes and by removing 
lead from the back and below the knees. Such aprons may 
leave some organs partially unshielded under some working 
conditions. Walls of shielded x-ray rooms typically contain 
about 1.6 mm of lead (about 4 TVL). Other building 
materials can also provide radiation shielding. A double 
layer of drywall in an unshielded room provides about as 
much shielding as a lead apron. 

One of the best uses of shielding during fluoroscopy is 
to make certain that the patient is as close as possible to 
the image intensifier (Fig. 3-2A). The intensifier and its 
surrounding material are required by law to be designed 
to reduce the radiation behind it by more than 4 TVL. The 
lead drapes that hang from the image intensifier tower on 
conventional fluoroscopic units typically provide the same 
amount of shielding as a lead apron (see Fig. 3-1B). For 
C-arm fluoroscopes, surface shielding can be placed di- 
rectly on the patient to help shield the operator at the 
patient’s surface rather than at the level of the operator." 
Such shields can be fabricated from lead aprons and can 
be sterilized for reuse. A 0.77-mm surface shield can pro- 
vide dose reduction of between 33% and 75%. 


Other Measures 


Besides time, distance, and shielding, another way to re- 
duce personnel exposure to scattered radiation is to mini- 
mize the x-ray field size by collimating the beam to the 
region of interest. The amount of scatter is directly related 
to the size of the field at the patient. This safety method 
has the added advantage of improving the contrast of the 
image. Using good collimation can decrease personnel and 
patient doses and improve image quality. During fluoros- 
copy, however, this effect is partially countered by the 


automatic brightness system, which requires more radiation 
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FIGURE 3-2 « A, Isoexposure curves from a conventional under-the-table tube fluoroscope (mR/minute). Phantom is a Rando torso phantom. Factors 
are as shown. B, Isoexposure curves from a fluoroscope designed with an over-the-table tube. Note the increased exposure to the hands, the torso, and 


especially the head and neck. 


to reduce image noise due to the smaller field. This is 
particularly true if “magnification” modes are used in fluo- 
roscopy. The fluoroscopist may also have some control over 
the dose rate used. Many fluoroscopic systems offer a 
selection of two or three dose rates. The high dose rate 
modes may be labeled “high contrast” or “low noise.” 
These selections do improve image quality at the expense 
of increasing patient (and personnel) dose as much as two 
or three times. 

The dose to the patient can be reduced by using the 
shortest possible distance between the image intensifier 
and the patient. This causes the automatic brightness sys- 
tem of the x-ray generator to reduce the radiation output. 
During lengthy procedures it may be possible to alter the 
orientation of the x-ray beam so that a different area of 
skin is exposed for part of the procedure. A number of 
dose-reducing equipment modifications have been sug- 
gested in the literature.” Some of these have an effect on 
image quality and should be implemented only after careful 
deliberation. 

Some fluoroscopic equipment allows for use of a “high- 
level control” (HLC) system. According to FDA regulations 
for equipment manufactured after May 1995, the maxi- 
mum patient dose rate can be twice that of normal fluo- 
roscopy when HLC is active. This is allowed so long as a 
special audible alarm is active. HLC is generally not neces- 
sary unless the patient is extremely large and small vessels 
must be imaged. Its use should be kept to a minimum. 


SUMMARY 


Uroradiological imaging and interventions demand an un- 
derstanding and awareness of the fundamental radiation 
protection principles of time, distance, and shielding. Staff 
exposures can be reduced by proper use of the imaging 
system and ancillary shielding materials. Typical patient 
entrance dose rates are about 30 mSv/minute during fluo- 
roscopy. Staff eye dose rates can range from approximately 
0.1 to 1.0 mSv/hour during fluoroscopy. 

To minimize personnel doses during fluoroscopic proce- 
dures, the lowest acceptable dose rate and smallest accept- 
able field size should be used with the most efficacious 
equipment configuration.?® Distance from the patient 
should be maximized for nonessential personnel, and 
shielding material should be placed between the patient 
and personnel when possible. 
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IODINATED CONTRAST 
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PAST, PRESENT, AND FUTURE DIRECTIONS 
FOR IODINATED CONTRAST MEDIA 
DEVELOPMENT 


As radiology enters the 21st century, a steady evolution has 
occurred toward the development of less toxic contrast 
media for improved safety and efficacy. The emphasis of 
this overview is on the fundamental physicochemical char- 
acteristics of new contrast media formulations, with the 
major focus being on the specific relevance of these devel- 
opments to systemic and renal handling; imaging character- 
istics; occurrence and management of nephrotoxicity, sys- 
temic reactions, and extravasation; and socioeconomic 
issues. 

The development of contrast media for the diagnosis 
of human clinical conditions is now over a century in 
development and is rich in history and folklore. A clever 
approach to conceptualizing the interrelationships of the 
many historical milestones in the development of highly 
effective and safe imaging pharmaceutical agents that are 
available today is adapted from a presentation by the well- 
respected leader in contrast media development, Harry W. 
Fischer, at the 1987 Contrast Medium Symposium in Ber- 
lin and attended by many of the great contributors of that 
time.’ Dr. Fischer likened the history and development of 


contrast media to the growth of a tree, the soil for the tree 
being Röntgen’s discovery of the invisible x-ray in 1895. 


The Roots of the Tree 


The roots of the tree represent milestones in the develop- 
ment of radiopaque media that were placed or injected 
into the body via natural orifices or vascular routes (Fig. 
4-1). These milestones include placing opaque materials 
into the gastrointestinal tract of animals in 1896 by Becher 
(in Germany) and Cannon (at that time a medical student 
and later eminent professor of physiology at Harvard Uni- 
versity).'> Also in 1896, Haschek and Lindenthal injected 
Teichmann’s mixture, composed of a calcium carbonate 
emulsion, into the brachial artery of the severed arm of a 
cadaver, and Hicks, professor of physics at Sheffield Uni- 
versity, performed a postmortem renal arteriogram, in- 
jecting red lead mass (as used in the dissecting room) into 
the renal arterial system.>7 Wulff showed a bladder anom- 
aly by opacifying the lumen using a mixture of bismuth 
subnitrate, starch, and water in 1904.8 Retrograde pyelogra- 
phy was performed by Voeleker and von Lichtenberg 
(1905) and by Braasch (1909).'° In 1910, Franck and 
Alwens introduced a suspension of bismuth and oil into 
the hearts of dogs and rabbits directly through the large 
veins and observed the passage of droplets from the heart 
into the lungs.’ 

That a structure deep inside the body could be visualized 
by a substance taken into the gastrointestinal tract or 
placed into the blood began with Abel and Rowntree’s 
discovery in 1909 that an organic compound, phenoltet- 
rachloraphthalein, is excreted in the bile, and by the 
discovery of Cameron, who published a preliminary 


19 


20 +++ Techniques and Applications of Urological Imaging 


NONIONIC 


Metrizamide 1969 
Almen (1969) 


Thea | 
Selectan Neutral 
1927 


Binz and Räth (1927) 
Swick (1929) 


1 GENERIC (e.g. loxilan) 


Ck c00-NeMen 


R R 
I I 
MONOACIDIC 


{ 


FIGURE 4-1 e° The history and development of contrast 
media can be likened to the growth of a tree, the soil of 
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report in JAMA in 1917, that oral and intravenous sodium 
iodide could produce a urinary cystogram opaque to x- 
rays.» 35, 7, 10, 11 

This was confirmed by Osborne, Sutherland, Scholl, and 
Rowntree in a published scientific article in JAMA in 1923 
on intravenous urography with intravenous sodium iodide”. 
These reports occurred after Cameron and Osborne had 
independently observed that the urinary bladder was 
opaque on abdominal radiographs of syphilitic patients 
being treated with large doses of sodium and potassium 
iodide.* ° The problem, however, was how to develop 
smaller doses of these very toxic materials while providing 
adequate visualization of the genitourinary system. With 
the knowledge learned from Rous and McMaster, that 
the gallbladder concentrated bile (1921), Graham (1923) 
proceeded to substitute the more radiopaque bromine for 
the chlorine in phenoltetrachloraphthalein.! 

Graham was correct in reasoning that the liver would 


still excrete this type of compound, and he assumed that 
he could then visualize the biliary structures. He was as- 
sisted in his work on cholecystography by Cole. This discov- 
ery led to the first successful cholecystograms. 

In the same year, 1923, Berberich and Hirsch reported 
the first clinical venograms, performed with inorganic solu- 
tions of strontium bromide in Frankfurt, Germany, and 
one year later the first arteriograms were reported by 
Brooks, using 100% sodium iodide to visualize the vessels 
of the lower extremities in humans in St. Louis.” 4 During 
the mid 1920s, Moniz, professor of neurology in Lisbon, 
pursued the objective of clinical carotid arteriography for 
the diagnosis and localization of cerebral tumors.” * His 
first successful human carotid arteriogram was obtained 
after injecting a 30% solution of sodium iodide into the 
surgically exposed carotid artery of a young man with a 
pituitary tumor in June 1927. The problem, however, was 
the extreme toxicity and pain associated with these injec- 


tions, which necessitated general anesthesia. Because of 
these insurmountable problems, Moniz became a strong 
advocate of another class of compound, thorium dioxide, 
which had an unanticipated severe side effect: an emitter 
of a-radiation, thorium dioxide produced liver and biliary 
tract malignancies in patients 20 to 30 years later. 


The Trunk of the Tree: lodinated Pyridine and 
Benzoic Acid Derivatives 


In 1927, Binz and Rath, professors of chemistry of the 
Agricultural College of Berlin, synthesized a series of iodi- 
nated pyridine organic drugs to treat syphilis and other 
infections, a discovery that has become recognized as the 
major milestone of all subsequent intravascular iodinated 
contrast media pharmaceutical development. +> !3 Another 
extremely important and fortuitous circumstance, however, 
had to occur before the trunk of the tree could grow 
toward maturation. 

Moses Swick, a 1924 graduate of Columbia University, 
New York, went to Germany to further his medical educa- 
tion at the Altona Medical Clinic of Leopold Lichtwitz, in 
Hamburg.’° Initially, Swick was interested in the antibacte- 
rial potential of the iodinated pyridine organic drugs that 
were being synthesized by Binz and Rath, but he later 
observed that reasonable-quality intravenous urograms 
could be obtained after the intravenous injection of the 
drugs into laboratory animals. Swick then transferred his 
research focus to imaging the genitourinary tract in urologi- 
cal patients at the clinic of Professor Alexander von Lich- 
tenberg at St. Hedwig’s Hospital, Berlin, which was at that 
time the largest surgical urological clinic in the world. It 
was at the Berlin clinic in 1929 that Swick succeeded in 
systematically producing the first excellent quality diagnos- 
tic intravenous urograms (IVUs) in patients using the Binz 
and Rath preparations.’ This work resulted in the first 
successful compound and forerunner of all subsequent 
contrast media. This compound was named Selectan-Neu- 
tral (Fig. 4-2) (a non-ionic, mono-iodinated pyridone mol- 
ecule), and was later followed by the less toxic, but more 
soluble, Uroselectan (see Fig. 4-2), a sodium 5-iodo-2- 
pyridone-N-acetate (patent rights having been awarded to 
Rath in Berlin on May 12, 1927). In the early 1930s, 
Uroselectan was superseded by Uroselectan B and dio- 
done, which represented similar molecules but now, im- 
portantly, contained two rather than one atom of iodine 
(Fig. 4-3A and B). Both of these agents were also synthe- 
sized by the pioneering efforts of Binz and Rath in Berlin. 

The first benzoic acid derivative was introduced in 1933 
by Swick in collaboration with Vernon Wallingford; it was 
a sodium mono-iodohippurate, a compound that contained 
only one atom of iodine and was unfortunately also rather 
toxic. ° Another quantum leap in the growth of the trunk 
of the tree was then again accomplished by Wallingford in 
the early 1950s with his synthesis of a benzoic acid deriva- 
tive having an amine group in the meta-(C3) position of 
the benzene ring, which, very importantly, allowed the 
introduction of three atoms of iodine (C2, 4, and 6 posi- 
tions).!” This reduced the median lethal dose (LD) 14 
times and rendered the product much too toxic; however, 
it provided a needed step toward the development of 
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FIGURE 4-2 «© The structures of the monoiodinated pyridine contrast 
agents Selectan neutral and Uroselectan (Iopax in the United States). 
(From Fischer HW: Historical aspects of contrast media development. In 
Felix R, Fischer HW, Kormano M, et al (eds): Contrast Media from the 
Past to the Future. New York, Thieme, 1987, p 13.) 


another molecule having acetylation of the amine group. 
This later step greatly reduced the toxicity, increasing the 
LD» by as much as 10 times that of the existing agents and 
resulted in the next important agent: sodium acetrizoate, 
introduced in the early 1950s as the contrast agent known 
as Urokon (Fig. 4—4).° 

Hoppe et al. in 1956 introduced a second acetylamino 
group at the C5 position, which further reduced toxicity, 
increased the LDs, by another 50%, and led to the cur- 
rently used class of high-osmolality contrast media, the 
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FIGURE 4-3 ° A, The chemical structure of the diiodinated pyridine 
contrast agent iodopyracet (Diodrast in the United States). B, The chemi- 
cal structure of the diiodinated pyridine contrast agent iodomethamate 
(Neo-Ipax in the United States). (From Fischer HW: Historical aspects 
of contrast media development. In Felix R, Fischer HW, Kormano M, et 
al (eds): Contrast Media from the Past to the Future. New York, Thieme, 
1987, p 13.) 
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FIGURE 4—4 « Evolution of the benzoic acid-based agents: acetrizoic acid (Urokon) (left), diatrizoic acid (Hypaque) (middle) and iothalamic acid 


(Conray) (right). 


diatrizoates and iothalamates (see Fig. 4—4).!* These agents 
have been in routine use as contrast media now for more 
than 40 years and have been termed high-osmolality con- 
trast media (HOCM). 


Branches of the Tree 


Although the abovementioned benzoic acid derivatives 
have proven amazingly safe and effective, side effects are 
still well known to occur. These are believed to be the 
result of both the high osmolality and ionicity of these 
agents. Why not eliminate or lessen these two unwanted 
characteristics of the compound? Using this line of reason- 
ing, the next major milestone in contrast media develop- 
ment, thrusting medical imaging into the modern age, was 
that of Tgrsten Almén and coworkers, who developed the 
first non-ionic, low-osmolality compound, metrizamide? 5 
(Fig. 4-5). This class of compound has been generally 
referred to as low-osmolality contrast media (LOCM). It 
should be noted that Almén’s original paper, being entirely 
theoretical and having little or no chemical or clinical 
research documentation, was rejected by several major 
radiological journals, and for some time he could not inter- 
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FIGURE 4-5 * The first low osmolality compound put into use was the 
non-ionic metrizamide, a major milestone in the development of contrast 
media. (From Fischer HW: Historical aspects of contrast media develop- 
ment. In Felix R, Fischer HW, Kormano M, et al (eds): Contrast Media 
from the Past to the Future. New York, Thieme, 1987, p 8.) 


est a major pharmaceutical company to manufacture metri- 
zamide. Almén eventually succeeded in publishing his work 
in the Journal of Theoretical Biology (1969), a relatively 
obscure journal to most radiologists.* +8 It is also worth 
mentioning that he was awarded the 1987 Fernstrom Great 
Nordic Prize (close in importance to the Nobel Prize for 
medicine), being the first radiologist to be so honored. 

All currently used x-ray contrast media are based on a 
tri-iodinated benzene ring (Fig. 4-6). These media are 
characterized as ionic or non-ionic and as monomers or 
dimers.'*> Jonic media dissociate in water to an anion 
(valence — 1) containing iodine and a cation (valence + 1), 
usually sodium or meglumine (Fig. 4~7A—C). Non-ionic 
contrast agents, though very soluble in water (hydrophilic), 
do not dissociate in solution. The ratio of iodine atoms to 
dissolved particles is an important characteristic of contrast 
media and is commonly used terminology in the literature. 
A higher ratio is more desirable, because more iodine 
means better opacification and fewer particles indicate 
lower osmolality. These newer ratio-3 contrast media in- 
clude metrizamide (see Fig. 4-5) (Nyegaard Laboratories), 
iohexol (Fig. 4-8A) (Omnipaque; developed by Nyegaard 
Laboratories and marketed by Nycomed), iopamidol (see 
Fig. 4-8B) (Isovue; developed by Bracco Laboratories), 
and ioversol (see Fig. 4-8C) (Optiray; developed by Mallin- 
ckrodt Medical Inc.), and they are a generation safer than 
the traditional ratio-1.5 high-osmolality agents, sodium and 
meglumine diatrazoic acid (Hypaque, Renografin) and io- 
thalamate (Conray) (see Fig. 4-7). Other non-ionic mono- 
mers include iomeprol (see Fig. 4-8D), iobitridol (see Fig. 
4-8E), iopromide (see Fig. 4-8F), and ioxilan (see Fig. 
4-8G). The future branches of the tree point logically to a 
next generation of isosmolar contrast materials (IOCM) 
formulated as ratio-6 preparations. These agents include 
iotrolan (Fig. 4-9A) and iodixanol (see Fig. 4-9B), only 
recently tested in U.S. clinical trials. Mention should also 
be given to the monoacidic dimer ioxaglate (Hexabrix) 
(see Fig. 4-9C), developed by Guerbet Laboratories and 
marketed by Mallinckrodt, which is the first successful 
dimeric compound. Although still an ionic agent, its lower 
osmolality is due to its large particle size and molecular 
aggregation in solution. This is also a ratio-3 agent. The 
evolution has led to a progressive increase in safety (Fig. 
4-10). 

Conceptualizing strategies to improve efficacy and safety 
of contrast media for today and the future can be best 
demonstrated by modifications of the parent triiodinated 
contrast medium, acetrizoate (Fig. 4-6). As a first principle, 
it was suggested by Lasser et al.® that the presence of a 
hydrogen atom on the triiodinated benzene ring gives a 
higher degree of protein binding than when the hydrogen 
atom has been substituted.” It was hypothesized that an 
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FIGURE 4-6 Ħ Diagram of contrast media evolution. The parent compound, acetrizoate (upper left corner) evolved to the ratio-6 dimers (lower left 
corner). The general trend in evolution has been from ionic, high-osmolality contrast media to non-ionic, low-osmolality contrast media, and ultimately 
to non-ionic isotonic dimers. Hydrogen has been replaced on the benzene ring to reduce protein binding, and more hydroxyl groups have been 
introduced into a balanced distribution over the molecule for increased hydrophilicity. 


increase in protein binding is a factor that incited anaphy- 
lactoid reactions. Indeed, in diatrizoate, the unsubstituted 
hydrogen of acetrizoate has been exchanged for another 
acetamino unit; this has led to higher biologic tolerance, as 
indicated by an LD5 of 5 g of iodine per kilogram with 
acetrizoate versus 5 to 10 g with diatrizoates. 
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FIGURE 4-7 « Ionic monomers (ratio 1.5): acetrizoate (A) (Urokon), 
diatrizoate (B) (Hypaque), and iothalamate (C) (Conray). 


diatrizoate 
(Hypaque) 


iothalamate 
(Conray) 


Further strategies to decrease general toxicity have been 
to decrease both osmotoxicity and ionicity (Coloumb effect) 
by reducing the ionizing carboxyl (i.e, COO~Na* and 
COO Meg*) with hydrophilic structures that could be 
covalently bound to the benzene ring to get a nondissociat- 
ing (non-ionic) water-soluble contrast medium molecule. 
The first major breakthrough along these lines, as has been 
mentioned, was the historic introduction by Almén of the 
first ratio-3 non-ionic monomer, metrizamide (see Figs. 
4—5 and 4-6).}8 

Mechanisms to improve subarachnoid neurotoxicity also 
include decreasing osmolality and eliminating ionicity, but 
also increasing the number of hydroxyl groups and distrib- 
uting the hydroxyl groups more evenly around the mole- 
cule. Proof of principle is evident in that both iohexol 
and iopamidol have an LDs ) and subarachnoid toxicity 
superior to those of metrizamide. Figure 4-6 shows iohexol 
with six hydroxyl groups evenly distributed around the 
molecule, as opposed to metrizamide, with four hydroxyl 
groups positioned at one end of the molecule on the 
glucosamide moiety. 

In the 1980s and 1990s, development of the non-ionic 
isotonic ratio-6 dimers has been ongoing including iotrolan 
(Isovist) (see Fig. 4-9A) and iodixanol (Visipaque) (see 
Fig. 4-9B). These agents are a consequence of further 
applications of principle to eliminate ionicity, increase hy- 
drophilicity, lower osmotoxicity, and increase the number 
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FIGURE 4-8 * Non-ionic monomers (ratio 3.0): iohexol (A) (Omnipaque), iopamidol (B) (Isovue), ioversol (C) (Optiray), iomeprol (D) (Iomeran), 


iobitridol (E) (Xenetix), iopromide (F) (Ultravist), and ioxilan (G) (Oxilan). 


of iodine atoms per molecule (Table 4—1).* 282 Results of 
early clinical experience have been extremely encouraging 
for even better systemic tolerability. 

The concept of non-ionic isotonic dimers is, however, 
one of some small compromise, because the self-assembly 
in a solution of molecules containing six rather than three 
iodine atoms gives low osmolality but results in higher 
viscosity and greater resistance to catheter injection. This 
disadvantage has, to some extent, been counteracted by 


the development of angiography catheters with thinner 
walls and by the common practice of warming the contrast 
medium to body temperature—thus lowering viscosity— 
before administration. Lowered osmotic diuresis, a high 
concentration of contrast medium in the tubular urine, and 
a high viscosity of the primary urine with isotonic, ratio-6 
dimers have notable effects on renal physiology, which are 
considered later in the chapter. The effect, if any, on renal 
safety has not yet been ascertained. 


TABLE 4-1 * Properties of Representative Contrast Media 


Molecule Diatrizoate 
Type Ionic monomer 
Iodine atoms per particles in solution 1.5 
Molecular weight (daltons) 613 
Partition coefficient” 0.045 
Density at 20°C for 300 mg of 1.34 
iodine/mL (g/mL) 
Viscosity at 37°C for 300 mg of 4.2 
iodine/mL (cP)t 
Osmolality at 300 mg of iodine/mL 1.57 
(Osm/kg) 
Acute LD» in mice (g/kg)} 7.5 


loxaglate lohexol lotrol 
Ionic dimer Nonionic monomer Nonionic dimer 
3 3 6 
1209 821 1626 
0.104 0.070 0.005 
1.32 1.35 1.35 
6.2 6.3 9.1 
0.56 0.67 0.36 
13.4 24.2 26.0 


*Lipid solubility is measured by the partition of the molecule in a mixture of n-butanol and water. 


tWater at room temperature has a viscosity of | cP. 


{The dose of contrast media producing acute death in 50% of mice, given via 1-minute IV injection. 
From Katzberg RW: The Contrast Media Manual. Baltimore, Williams & Wilkins, 1992. 
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Sovak et al. described an important physicochemical 
characteristic of contrast agent molecules that may have 
two important outcomes: (1) lowering manufacturing costs 
and (2) producing both ratio-3 monomers and ratio-6 di- 
mers with low viscosity.” Sovak” noted that the osmolality 
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FIGURE 4-10 e° This diagram depicts the increasing safety of contrast 
agents with development of new molecular structures. AEs = adverse 
events. (From Niendorf HP, Fritzsch T, Herrschaft G, et al: Looking into 
the future: Iotrolin and beyond. Eur Radiol 5: $107—S111, 1995.) 


of metrizamide was lower than would be expected theoreti- 
cally. It was hypothesized that the metrazamide molecule 
might be aggregating by attraction of the hydrophobic 
areas on its molecule. This concept of contrast media 
design based on molecular self-assembling by hydrophobic, 
rather than hydrophilic, interactions was first tested in 1983 
by the development of ioxilan (Oxilan) (see Fig. 4-8G), 
which contains a hydrophobic region consisting of a double 
methylene molecule masked with a hydroxyl group.” Ioxi- 
lan proved the feasilibility of achieving biologic tolerance 
equal to that of other non-ionic monomers while having 
lower osmolality. Ioxilan is a non-ionic ratio-3 monomeric 
contrast medium that is obtained through the conversion of 
an ionic contrast material ioxithalamate (Telebrix). Because 
ioxilan is produced by means of a simple synthesis from an 
older ionic contrast medium, more economical manufactur- 
ing processes are possible. 

Sovak” also explored whether a more drastic increase in 
the hydrophobicity in a larger molecular formulation could 
be biologically tolerable. Instead of introducing additional 
hydrophobic substituents, however, he decided to use the 
hydrophobicity inherent in the iodinated benzene ring for 
self-assembly. To expose the hydrophobic region, he substi- 
tuted the ring with a very small group, the primary carboxa- 
mides, CONHs. The primary carboxamides, a new class of 
non-ionic media, tested both as monomers and dimers, not 
only have very low osmolality but also low viscosity and 
good biologic tolerance (Fig. 4-11). Their low viscosity may 
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FIGURE 4-11 * Diagram of a primary carboxamide, a new class of non- 
ionic media tested both as monomers and dimers and not only having 
very low osmolality but also low viscosity and good biologic tolerance. 
The relatively small group, called a primary carboxamide (arrows), exposes 
the hydrophobic region of the molecule, thus creating a proclivity of the 
molecule to fold and attain a less elongated shape than that of the non- 
ionic dimers that are substituted with large hydrophilic moieties. (From 
Sorak M: The Harry W. Fischer Lecture: Contrast media—a meandering 
look. Acad Radiol 3:5241-5247, 1996.) 


be explained by their suspected proclivity to fold and attain 
a less elongated shape than that of the nonionic dimer 
substituted with large hydrophilic moieties. 


GENERAL EFFECTS OF CONTRAST MEDIA 
Overview 


It has been estimated that in the United States more than 
19 million radiological procedures with contrast enhance- 
ment are performed on a yearly basis, with a 75% utiliza- 
tion of low-osmolality contrast media. The U.S. market for 
contrast media has grown tenfold from 1985 to 1993 to a 
market value of more than $1 billion. In terms of the total 
quantity of contrast media utilized, an annual volume of 
several thousand metric tons easily outweighs any other 
medical pharmaceutical.” 

The use of iodinated water-soluble agents is not based 
on their pharmacological or therapeutic action, but on their 
distribution in and elimination from the body. Whereas 
therapeutic agents are given in very small quantities and 
at regularly spaced intervals, contrast media are used in 
quantities as large as 100 g and are most typically adminis- 
tered as a rapid bolus lasting only 60 to 120 seconds. 
Therapeutic agents are given to provide biologic or chemi- 
cal change, whereas contrast media are used for organ or 
tissue enhancement. To be clinically acceptable, a contrast 
medium must satisfy two important requirements: it must 
be efficacious in providing the required degree of x-ray 
beam attenuation change in selected tissues between non- 
enhanced and enhanced images, and, it must be safe. 
Although no clinically useful pharmaceutical agent is com- 
pletely without risk, contrast media have been held to 
especially high standards of safety because, although they 
are of value to overall patient care, they provide no direct 
therapeutic benefit. 


Molecular Characteristics of Contrast Media 


Chemistry 


As detailed, above, the most widely used urographic con- 
trast agents are water-soluble, fully substituted, triiodinated 


benzoic acid derivatives.!**4 As discussed above, there are 
four different groups of molecules: ionic monomers, non- 
ionic monomers, ionic dimers, and non-ionic dimers (see 
Fig. 4-6). Ionic contrast media are salts similar to sodium 
chloride, and they form ions when in water. Ionic contrast 
media dissociate into monovalent, negatively charged 
anions and positively charged cations. Non-ionic contrast 
media do not have anion and cation components and there- 
fore do not dissociate or ionize in water. Figure 4-6 and 
Table 4-1 illustrate some characteristics of the four general 
groups of contrast media molecules available today. 


Additives 


All radiographic contrast agents are clear, colorless liquids 
that should not form precipitate in the vial. Commercially 
available contrast media formulations contain trace 
amounts of free iodine, heavy metal scavengers (e.g., cal- 
cium disodium—ethylenediamine tetraacetic acid), and re- 
siduals of the solvents ethylene glycol, and trimethyl sulfox- 
ide.?! 3? Some electrolytes are added to the formulation for 
pH adjustment. 


Osmolality 


The physical and chemical properties of contrast media 
solutions depend on their concentration. Package inserts 
for x-ray contrast media generally give the concentration in 
milligrams of iodine per milliliter of solution. A measure 
of concentration that is of great biologic significance is 
osmolality, which is the total number of particles in solution 
per kilogram of water. A major strategy in the development 
of safer contrast materials has been the attempt to improve 
the tolerance of the agents by reducing the osmolality 
toward a physiologic range (300 mOsm/kg). HOCM are in 
solution in an ionized form, meaning that two ions are in 
solution with only one carrying the iodine (benzene ring). 
Thus, for a concentration of 1 mol/L, the osmolality is 2 
osm/L (=2000 mOsm/L).3? These molecules have a ratio 
of 1.5 (i.e., three atoms of iodine per two molecules). 
LOCM have a ratio of 3 for non-ionic monomers (i.e., 
three atoms of iodine per one molecule), and a ratio of 6 
for non-ionic dimers (i.e., six atoms of iodine per one 
molecule), which effectively allows a decrease in osmolality 
for similar or greater iodine concentrations as detailed 
above. 

With iodinated molecules, it has been observed that 
the theoretical osmolality does not correlate exactly with 
experimental (measured) osmolality.” % A decrease of the 
experimental osmolality is seen in comparison with the 
theoretical osmolality when the concentration increases. 
This deviation at high concentrations is assumed to be 
related to the formation of aggregates in solution. It has 
been supposed that these aggregates are the result of 
the formation of hydrogen bonding between hydrophilic 
substituents or by attraction between hydrophobic regions 
in two segments of the molecule.” * 


Density 


The density of a solution is its weight divided by its volume 
(ie., mg/mL). The linear attenuation coefficients for con- 


trast media solutions are directly proportional to the den- 
sity of the solutions.*! The iodine ratio, which is related to 
the degree of substitution, ranges from 40% to 50% of the 
molecule. The atomic mass of iodine is 127, so 1 mole of 
monomer (three atoms of iodine) includes 381 g of iodine. 
The density of all solutions is fairly similar at the same 
content of iodine per volume of solution. To have an 
efficacious contrast for x-ray, the concentration of iodine 
in the solution is recommended to be in the range of 
300 mg/mL.” 


Viscosity 


The viscosity of the contrast medium is an important physi- 
cal property that influences the injectability or delivery 
through small-bore needles and catheters. The viscosity 
of a solution is a measure of the solution’s resistance to 
deformation in response to shear forces, such as those 
created by pressure differences.” As highly viscous solu- 
tions limit the delivery rate, it is advantageous that a solu- 
tion (e.g., 300 mg of iodine per milliliter of solution) not 
exceed 10 centipoise (cP) at 30°C. The viscosity is in- 
versely proportional to the temperature, and it is advisable 
to preheat the bottle of contrast medium to body tempera- 
ture (37°C) before injection.* Viscosity is a nonlinear func- 
tion of solution molality (i.e., as molality increases, viscosity 
tends to increase at a faster than linear rate).*” 

Viscosity is increased by the following factors: globular 
shape of the molecule, which minimizes its interaction 
with the solvent; intermolecular interactions (molecular 
aggregates decrease osmolality but increase viscosity); the 
molar iodine concentration as noted above; the size of the 
molecule (larger hydrophilic side chains improve solubility 
but decrease the iodine content, and the viscosity increases 
in proportion to the increase in the size of the side chains), 
as in the non-ionic dimers for example; and the nature of 
the ionic molecule (for example, the cation meglumine is 
more viscous than the cation sodium).** * 


Partition Coefficient 


The lipid solubility of molecules affects their distribution 
and biologic toxicity. Lipid solubility may be described as 
the distribution “or partition” of the molecule in a mixture 
of n-butanol and water.*' The partition coefficient is the 
amount of the molecule in the butanol fraction divided by 
the amount in the water fraction. The lipophilic potential 
of a molecule influences its biologic tolerance, as lipophilic 
constituents interact with cellular membranes and/or pro- 
teins, or influences the rate of diffusion through the blood- 
brain barrier (BBB). Levitan and Rapoport showed that an 
adverse LD;, and the BBB permeability are related to the 
lipophilic potential of the contrast agent.*” 3 The iodine 
atoms endow the benzoic structure with a high level of 


lipophilicity, which must be masked by hydroxy! groups. 


Solubility 


Solubility of contrast agents, though rather a simple issue 
for ionic agents that behave like NaCl in water, is rather 
complex for the non-ionic agents. Water solubility is a 
largely unpredictable mixing of molecular stearic and bond- 
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ing conditions, which limits the degree of integration of 
the molecule into the arrangement of the molecules of 
water.” Solubility is increased by the addition of a polar 
group. For ionic molecules, the carboxylate group leads to 
an ionized form in solution, which induces very good solu- 
bility, with methylglucamine ions being more soluble than 
sodium ions. However, with non-ionic molecules, the elimi- 
nation of the ionic characteristic induces a loss of solubility. 
The first non-ionic molecule, metrizamide, was synthesized 
by replacing the carboxylic group with a sugar molecule, 
which allows good solubility but, unluckily, also permits 
easy hydrolysis. Further developments then moved along 
the lines of introducing hydroxyl groups to provide satisfac- 
tory solubility, an optimum number being four to six hy- 
droxyl groups for the non-ionic monomers and 10 to 12 for 
the non-ionic dimers (see Fig. 4-6).** 3 


Stability 

The stability of contrast agents is an important practical 
aspect for planning and maintaining economical invento- 
ries. Contrast media are formulated in solution to be sterile 
and pyrogen-free and to have a shelf-life of 3 to 4 years 
when protected from light. The decomposition of contrast 
media molecules in solution can occur by deiodination, 
hydrolysis of the couplers, decarboxylation (ionic mole- 
cules), and intramolecular rearrangement of substituents. 
Stability is maximized by controlling pH, iodide, and hydro- 
lysis products, such as amino compounds. 

The carbon-iodine bonds are stable with autoclaving, but 
the solution must be protected from light since deiodina- 
tion can occur by photolysis. Trace quantities of certain 
cations (Fe, Cu) also catalyze deiodination of contrast me- 
dia during the formulation and sterilization processes. 
Addition of small quantities of calcium disodium- 
ethylenediamine tetraacetic acid, a sequestering agent, has 
proved beneficial in preventing catalytic deiodination. 
Some non-ionic molecules can be protected from deiodina- 
tion by the addition of small quantities of a weak amino 
buffer, such as tris (hydroxymethy!l)aminomethane. 


Principles Related to Imaging 


The ion atoms in the contrast media molecule are the 
primary attenuators of the x-ray, and the linear attenuation 
coefficient is proportional to the density (see above), or 
milligrams of iodine per milliliter of solution. The linear 
attenuation coefficient depends on the elements involved, 
their concentration, the thickness of the material, and the 
energy (in kiloelectron volts) of the x-ray. As the x-ray 
beam passes through body structures it is attenuated, as 
illustrated in Figure 4-12, for a monoenergetic x-ray source 
and a two-component structure (contrast media [CM] in 
blood and tissue), with thickness t; and t and linear attenu- 
ation coefficients k, and k,.*! The linear attenuation coeff- 
cient is a nonlinear function of x-ray energy due to a 
physical phenomenon termed “K-edge”, shown in Figure 
4-13. The “step” change in the iodine curve at 33.2 keV is 
related to the K-shell-binding energy for iodine. In clinical 
radiographic examinations, iodine provides greater attenua- 
tion relative to bone or tissue between 33 and 60 keV. 
Contrast media attenuate the x-ray beam and thus decrease 
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FIGURE 4-12 ° As the x-ray beam passes through body structures, it is 
attenuated as illustrated for a monoenergetic x-ray source and a 2-compo- 
nent structure (contrast media [CM] in blood and tissue), with thickness t, 
and t, and linear attenuation coefficients k, and kə. The linear attenuation 
coefficient is a nonlinear function of x-ray energy (keV) as shown in 
Figure 4-7. Because the output of an x-ray tube contains a broad band 
of energies, and the body is composed of many elements with widely 
different attenuation coefficients, the theoretical prediction of the attenu- 
ation (Xou/Xin) is complex. (From Katzberg RW: The Contrast Media 
Manual. Baltimore, Williams & Wilkins, 1992.) 
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the amount of x-ray reaching the x-ray detector. The x-ray 
detector can be film, a film-screen combination, an image 
intensifier, or a xenon detector in a computed tomographic 
(CT) scanning system. CT systems have the most sensitive 
detectors, whereas film is the least sensitive. 


Pharmacokinetics 


Contrast media have pharmacokinetics very similar to those 
of a class of compounds termed extracellular tracers .'°*4 3 
All of the current x-ray contrast media molecules have very 
low lipid solubility and extremely low chemical reactivity 
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FIGURE 4-13 « Relative linear attenuation coefficients for equal thick- 
nesses of water and dilute contrast media (CM) are given as a function of 
photon energy (keV). The photon energy dependence of iodine provides a 
relatively good match to the photon energy distribution of an x-ray tube 
operating at 60 to 100 kVp. (From Katzberg RW: The Contrast Media 
Manual. Baltimore, Williams & Wilkins, 1992.) 


with bodily fluids, and they range in molecular weight from 
600 to 1650 daltons. Molecules of this type distribute 
throughout the body’s extracellular spaces. No evidence 
has been noted of any significant amount of penetration of 
these contrast media molecules through the cell membrane 
or into the interior of viable cells; the exception to this 
is pinocytosis into renal tubular cells, discussed below. 
Theoretically, the differences in the molecular weight and 
size between the monomer and dimer contrast agents could 
lead to slightly slower distribution rates into the extracellu- 
lar space for the larger dimers. This effect, however, ap- 
pears to be quite small and is probably not of any clinical 
significance, even if measurable. When the contrast media 
molecules reach the systemic microcirculation, the mole- 
cules quickly equilibrate across capillary membranes (ex- 
cept an intact BBB). In the first phase of distribution, the 
increase in intravascular osmolality causes a rapid fluid 
shift across capillary membranes toward the hypertonic 
(intravascular) compartment (Fig. 4-14). As the contrast 
medium molecules reach the capillary bed, rapid move- 
ment occurs through capillary pores and into the intersti- 
tial, extracellular space as well as into the renal tubules. 
The plasma concentration of iodine follows a biexponen- 
tial decay curve (Fig. 4-15). The first exponential term 
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FIGURE 4-14 ° When the hypertonic contrast medium (CM) is injected 
into blood, a rapid movement of water occurs from RBCs, endothelial 
cells, and tissue into plasma. As the bolus of contrast medium enters 
capillaries, the movement of water continues, and the contrast medium 
molecules move through the clefts between endothelial cells into the 
interstitium. Hypertonicity seems to be the major factor producing a 
number of physiologic changes. (From Katzberg RW: The Contrast Media 
Manual. Baltimore, Williams & Wilkins, 1992.) 
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FIGURE 4-15 ° Intravascular contrast medium is injected into the 
plasma space, and the concentration equilibrates between the plasma and 
the interstitium. Excretion occurs via the kidney and glomerular filtration. 
The plasma concentration time curve is approximated by a biexponential 
equation. The total distribution volume approximates the extracellular 
space. A and B are the times-zero intercepts of the exponential compo- 
nents. (From Katzberg RW: The Contrast Media Manual. Baltimore, 
Williams & Wilkins, 1992.) 


describes the mixing of the contrast media in the plasma 
volume and then its distribution into the interstitial space. 
The second exponential term represents the clearance of 
contrast medium molecules from the body. 

The clearance of x-ray contrast media and other extracel- 
lular tracers is primarily by glomerular filtration. Al- 
though older media, such as iodopyracet (Diodrast), were 
excreted by both glomerular filtration and tubular secre- 
tion, none of the currently employed molecules are reab- 
sorbed or secreted by the renal tubules. Under normal 
physiologic conditions, very close to 100% of the contrast 
medium is eliminated through the kidney, and the instanta- 
neous rate of removal is equal to the glomerular filtration 
rate times the plasma iodine concentration. The clearance 
of contrast media molecules is usually described by the 
half-time for the renal clearance portion of plasma decay 
curves. The half-time in patients with normal renal func- 
tion is between 1 and 2 hours for all four groups of 
contrast media.*! In the total absence of renal function, the 
extracellular concentration of iodine will approach a value 
given by the total iodine injected, divided by the extracellu- 
lar volume, which is approximately 200 mL/kg of body 
weight. The clearance of contrast media from the plasma 
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is easily measured and is a reliable yardstick of glomerular 
filtration rate (GFR).>° 5 

In patients with renal failure, the issue has been debated 
whether patients with renal failure must undergo emergent 
dialysis after examinations in which contrast medium is 
used. To our knowledge, no definitive studies have ad- 
dressed this issue. Since contrast agents are not protein 
bound and possess relatively low molecular weights, they 
are readily dialyzable. Approximately one-third of either 
HOCM or LOCM will have already been naturally elimi- 
nated through extrarenal routes (gastrointestinal and biliary 
systems) before dialysis can be set up and begun, and prior 
studies have also demonstrated that the mean half-time 
of contrast agents is roughly doubled in dialysis patients 
compared with healthy subjects.” Younathan et al.” stud- 
ied 10 patients being treated with hemodialysis who were 
undergoing 11 diagnostic procedures that required intra- 
vascular contrast materials; they concluded that non-ionic 
contrast media can be given safely to patients with end- 
stage renal disease who are receiving maintenance hemodi- 
alysis. These patients received 40 to 225 mL of non-ionic 
contrast medium and were followed up with clinical exami- 
nation and laboratory analysis to determine any adverse 
effects from administration of the contrast material or the 
need for hemodialysis. The time between contrast agent 
administration and hemodialysis ranged between 19 and 
47 hours, and the authors concluded that immediate post- 
procedural hemodialysis is not necessary as a routine prac- 
tice with LOCM. 

Bolus techniques for contrast media administration are 
generally preferred, especially in CT imaging’*** (Fig. 4- 
16). The goal is to distinguish between abnormal and nor- 
mal tissue as well as to differentiate vascular structures 
from adjacent lymph nodes. The effects of the dynamic 
contrast injection technique have been classified into three 
components. The bolus phase, obtained immediately after 
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FIGURE 4-16 « Iodine concentrations derived from CT measurements 
and presented as Hounsfield units shown as a function of time in blood 
and tissues; 25 U is equivalent to 1 mg of iodine per milliliter of solution. 
(From Katzberg RW: The Contrast Media Manual. Baltimore, Williams & 
Wilkins, 1992.) (From Burgener FA, Hamlin DJ: Contrast enhancement 
in abdominal CT: Bolus versus infusion. AJR 137:351-358, 1981.) 
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the rapid injection of the contrast medium, is defined as 
the achievement of an attenuation difference of 30 Houns- 
field units (HU) or more between the aorta and the inferior 
vena cava. The nonequilibrium phase follows the bolus 
phase and is defined as an aorto-caval difference of 10 to 
30 HU.” Finally, an equilibrium phase occurs in which the 
attenuation difference from the aorta to the inferior vena 
cava is less than 10 HU. The overall contrast enhancement 
of human tissue is mainly due to the contrast medium 
distribution in the extracellular space.” ®© Thus, changes in 
the density of the liver, muscle, and the cortex and medulla 
of the kidney are related to the vascular, interstitial, and 
intratubular contrast agent localization. 

Visualization of pathological tissue depends on often 
complex histopathological characteristics. The degree of 
vascularization and capillary permeability is a predominant 
aspect of enhancement. In the case of necrotic regions, 
however, a diminution of vascularization results in a less- 
enhanced zone. In either case, high plasma and interstitial 
concentrations often provide better contrast differentiation 
than with non-contrast studies. 


Physiologic Effects 


The characteristic of high osmolality is probably the most 
important aspect of water-soluble contrast media that is 
responsible for the hemodynamic, cardiac, and subjective 
side effects. Also of significance are ionicity, lipophilicity, 
unique chemical characteristics of each agent, temperature, 
and viscosity.*! © With the rapid intravenous (IV) injection 
of large quantities of contrast agents, such as in excretory 
urography and CT, an acute increase occurs in patient 
serum osmolality. The magnitude of this change is lessened 
in proportion to the osmolality and total dose of the con- 
trast agent. The sudden increase in osmolality leads to a 
rapid influx of water from the interstitial space into the 
vascular compartment, which causes a rapid increase in 
blood volume of up to 16%, a decrease in hematocrit, an 
increase in cardiac output, and a decrease in peripheral 
vascular resistance.* None of the currently utilized iodin- 
ated water-soluble agents cross normal cell membranes, 
which also results in cellular desiccation, particularly of red 
blood and vascular endothelial cells. The rapid loss of 
intracellular water has been shown to influence cell mem- 
brane potential, and this may be at least one mechanism 
responsible for the generalized stimulation of peripheral 
receptors that results in the sensations of heat, pain, and 
involuntary movement that patients so often experi- 
enced. 32 

As the contrast medium passes through the pulmonary 
vasculature from a venous injection site, an elevation in 
pulmonary arterial pressure, an increase in cardiac output, 
and a decrease in peripheral and pulmonary vascular resis- 
tances occurs. Systemic arterial pressure may decrease 
some, but the amount is quite variable, especially in the 
clinical setting. All of these cardiovascular changes last only 
a few minutes, and they are of greater magnitude with 
the more hyperosmolar contrast media.“ The sudden and 
dramatic fluid shifts from the interstitial and cellular spaces 
into the plasma resulting from these high osmotic pressure 
gradients provide an additional explanation for the clinical 


responses of vasodilatation, heat, pain, hemodynamic ef- 
fects, and osmotic diuresis. The principal route of elimina- 
tion of contrast media is via the kidney, which is discussed 
in greater depth in a subsequent section of this chapter 
(Renal Handling of Contrast Media). 

The effects of intra-arterial injection of contrast media 
into specific vascular beds, such as aortic, coronary, and 
carotid, warrants detailed discussion.™ Intra-aortic and pe- 
ripheral intra-arterial injections of hyperosmolar contrast 
media are qualitatively similar to peripheral intravenous 
injections. Thus, hyperosmolar contrast agents cause a de- 
crease in systemic arterial pressure; an increase in pulmo- 
nary arterial pressure, tachycardia, and peripheral vasodila- 
tation; a decrease in peripheral vascular resistance; and an 
increase in blood flow. The major direct action on the 
peripheral circulation is vasodilatation. The indirect effects, 
such as an increase in cardiac output and tachycardia, are 
for the most part reflexly mediated and tend to offset the 
direct effects. 

Intracoronary injections of contrast media cause a de- 
crease in heart rate, a decrease in peak left ventricular 
(LV) volume, a decrease in the maximum rate of increase 
in LV pressure, an increase in LV end-diastolic pressure, 
an increase in LV end-diastolic diameter, a decrease in 
systemic arterial pressure, and a biphasic decrease followed 
by an increase in coronary blood flow.® Injection of con- 
trast material into the coronary artery causes a direct inhib- 
itory effect on the sinoatrial node. A similar inhibitory 
effect has been observed in conduction through the bundle 
of His and Purkinje fibers. To a lesser extent, the decline in 
heart rate during coronary arteriography is cholinergically 
mediated. The major direct actions of hypertonic contrast 
media on the myocardium are the result of mechanical and 
electrophysiologic alterations. 

The circulatory effects occurring with rapid injections of 
hypertonic contrast media in the vicinity of the right 
atrium, as may occur with digital subtraction angiography, 
can be summarized as an increase in pulmonary arterial 
pressure, an increase in left arterial pressure, an increase 
in the end-diastolic pressure of the left ventricle, and a 
decrease in systemic arterial pressure.” 

Injections of hypertonic contrast media into the carotid 
arteries can cause a decrease in the pulse rate, periods of 
asystole, and lowering of the arterial blood pressure.® It 
has been shown that the meglumine salts of contrast media 
have fewer cardiovascular effects with these procedures, 
and the effects are dramatically lessened with low-osmolar- 
ity and isosmolar agents.®™-"! 


Biocompatibility 


The ideal intravascular water-soluble contrast agents would 
produce no physiologic or rheological alterations at all. 
However, no agent is ideal, and bioincompatibilities have 
been extensively reported and assessed to develop “road 
maps” for the ideal contrast agent. 


Median Lethal Dose 


The critical measure, though admittedly rather crude, for 
the biocompatibility of contrast agents is the acute median 


lethal dose (LDs,).2°22 3 The LDs. is the dose of contrast 
medium required to cause a mortality rate of 50% following 
an intravenous injection of 1 minute’s duration. Mortality 
is usually observed over a period of 24 hours for contrast 
media testing. The LDso for contrast media is usually ex- 
pressed in terms of grams of iodine per kilogram of body 
weight. The injection duration is an important variable. 
At equal doses, mortality increases as duration decreases. 
Animals given a lethal dose of contrast medium develop 
pulmonary edema as well as evidence of CNS damage 
prior to death. Possible causes of contrast medium—induced 
pulmonary edema include (1) an increase in pulmonary 
microvascular pressure from rapid injection of contrast 
material in the vicinity of the right atrium, (2) a decrease 
in protein concentration in plasma as a result of dilution, 
(3) binding of plasma proteins to certain contrast media, 
and (4) an increase in capillary permeability of fluid and 
proteins as a result of endothelial damage by toxic effects 
of contrast media.“ In animal studies, the severity of pul- 
monary edema formation is related to dose, osmolality, and 
ionicity. Acute LDs values in mice (see Table 4-1) for the 
ionic monomer diatrizoate is 7.5 g/kg; 13.4 g/kg for the 
ionic dimer ioxaglate; 24.2 g/kg for the non-ionic monomer 
Iohexol; and 26.0 g/kg for the non-ionic dimer Iotrol.*! 


CNS Penetration 


The central nervous system (CNS) is separated from many 
of the substances circulating in the blood by means of the 
BBB. The endothelial cells of the CNS capillary have 
a continuous basement membrane and are connected to 
each other by tight junctions. There are, however, certain 
areas within the CNS that lack this barrier: the median 
eminence, pineal gland, area postrema, subfornical organ, 
neurohypophysis, supraoptic crest, and choroid plexus. In 
these particular areas, certain low-molecular-weight sub- 
stances in the blood diffuse freely into the interstitial tissue. 
The common symptoms of nausea and vomiting following 
injection of contrast media may thus be due to the contrast 
medium entering the area postrema of the medulla, which 
is devoid of a BBB. Indeed, diseases that affect the integ- 
rity of the BBB may place the patient at increased risk for 
seizures from contrast administration.” 


Endothelial Damage and Thrombosis 


Contrast media can cause damage to the vascular endothe- 
lium, leading to increased permeability of the vessel wall 
and the induction of thrombus formation.2*2 31. 32.65 Clini- 
cally, thrombosis has been observed as a complication after 
intravenous injections of hypertonic contrast media for 
phlebography and urography. For this reason, the American 
College of Radiology has recommended that 60% solutions 
of ionic contrast media be diluted to 45% when used for 
phlebography, a practice that may, however, result in the 
degradation of image quality. Non-ionic contrast media, 
having lower osmolality, reduce endothelial damage, but 
they are also not anticoagulant. The osmotic gradient across 
the RBC membrane results in shrinkage, making the cells 
more rigid with loss of normal deformability. These micro- 
circulatory changes are associated with crenation and ag- 
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gregation of RBCs, adherence of leukocytes to the vessel 
wall, and palisading of leukocytes. With ionic contrast me- 
dia, there is also a sudden decrease in blood coagulation 
that peaks after about 5 minutes.*! The depression, how- 
ever, is transient and returns to normal within 4 hours. A 
transient decrease in platelet aggregation from contrast 
media has been observed. Nonionic contrast media pro- 
duce a minimal decrease in coagulation, and there has 
been much discussion about the risks of thrombosis.?” 7? 

Contrast media have been reported to liberate or activate 
histamine,”* bradykinin, vasoactive prostaglandins, and 
physiologically active peptides (complement system, ana- 
phylatoxins) C3a and C5a.3t ™4 In addition, contrast media 
have been noted to activate the contact, coagulation, and 
fibrinolysin systems. The peptides C3a and Cda can bring 
about a wide variety of reactions in vivo, including in- 
creased capillary permeability, release of histamine from 
mast cells or basophils, directed attraction of WBCs, and 
increased lysosomal activity from WBCs. 

The plasma contact system is a protein cascade that 
involves sequentially the activation of factor XII, prekalli- 
krein, and high-molecular-weight kininogen. The activation 
of high-molecular-weight kininogen results in the release 
of bradykinin. Bradykinin is capable of producing all of the 
pathophysiological effects attributed to histamine, but it is 
considerably more potent on a mole-per-mole basis.” The 
effects of hyperosmolality and chemical toxicity of contrast 
materials and the induction of complement activation, his- 
tamine release, and coagulopathies continue under intense 
investigation. 

A potential role for IgE (immediate anaphylaxis) has 
been considered in a number of reports.”~”* However, 
contrast media are highly nonreactive chemically, do not 
demonstrate covalent binding to proteins, and would there- 
fore not be likely candidates to form haptens. Indeed, a 
history of a previous contrast reaction does not guarantee 
a repeat reaction.*+ 4 Furthermore, previous exposure to 
contrast material is not at all necessary for a reaction to 
occur. To date, no definitive reports have been made of 
production of IgE antibodies in either rabbits or humans 
by injections of intravascular contrast medium that have 
not been artificially conjugated with protein. 

Intravascular injections of ionic contrast media produce 
transient systemic hypocalcemia. Some formulations con- 
tain the calcium-binding compounds disodium-ethylenedi- 
amine tetraacetic acid and sodium citrate, which produce 
significant reductions in ionic calcium.” 3} 3> 64 Other fac- 
tors include the high ionic strength of ionic contrast media, 
hemodilution, and direct binding of calcium by the contrast 
molecule. Hypocalcemia may have potentially serious ef- 
fects, as this ion is important to cardiac function and 
rhythm and to the function of all excitable tissue. Tetany 
has also been noted. Hypocalcemia with non-ionic contrast 
media is only related to osmotic dilution and is therefore 
not thought to be of clinical significance. 

Iodinated contrast media increase blood potassium lev- 
els, causing release of potassium into intravascular spaces. 
Recent observations suggest that potassium might be re- 
leased from intracellular spaces, such as RBCs and vascular 
endothelial cells.” This potassium release could play a role 
in depression of left ventricular function. 
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Renal Handling of Contrast Media 


The kidneys are just 0.4% of the body’s total mass, yet they 
handle 1.2 to 1.3 L of blood each minute, accounting for 
approximately 20% to 25% of total cardiac output.® The 
normal GFR for humans is 125 mL/minute or 180 L/day 
(60 times plasma volume), whereas the normal urine vol- 
ume is approximately 1 L/day. Thus, more than 99% of the 
filtrate is reabsorbed. Functionally, the glomerular mem- 
brane allows passage of substances of up to approximately 
4nm (4X 1073 um) and excludes substances greater than 
8 nm in diameter. The threshold for filtration is with sub- 
stances of molecular weights in the neighborhood of 40,000 
daltons. Egg albumin has a molecular weight of 43,500 and 
a diameter of 3 nm, and approximately 22% passes through 
the glomerular filtration threshold.*! Because the molecular 
weight of currently used iodinated intravascular contrast 
media is only about 1650, these substances are freely fil- 
tered. Water reabsorption in various portions of the neph- 
ron in hydropenic rats based on micropuncture studies 
indicates that approximately 75% of the filtered water is 
reabsorbed in the proximal tubule, 5% in the loop of 
Henle, 15% in the distal tubule, and nearly 5% in the 
collecting ducts.® The percent of filtered sodium reab- 
sorbed and percent of filtered sodium in the tubular fluid 
closely parallels tubular handling of water. In addition, 
antidiuretic hormone (ADH) increases permeability of the 
collecting ducts for water (Fig. 4-17). 

The concentration of contrast material within the tubule 
depends on the concentration of contrast medium in the 
glomerular filtrate and on the amount of water reabsorbed 
as the filtrate passes down the tubule. %0. 23. 43, 45, 46. 49 The 
concentration of contrast medium in the initial filtrate is 
effectively the same as that in plasma, as protein binding 
of the modern urographic contrast media is insignificant. 
However, the final concentration of contrast in the urine 
may be some 50 to 100 times that of the plasma concentra- 
tion.” 

Because molecules of contrast material, like those of 
mannitol, are not reabsorbed (Fig. 4-18), they continue to 
exert an osmotic force, markedly reducing reabsorption of 
water from the tubules.” This increases pressure in Bow- 
man’s capsule and creates acute internal hydronephrosis 
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FIGURE 4-17 * Reabsorption of water and sodium in the nephron are 
closely paralleled. Antidiuretic hormone (ADH) increases permeability of 
the collecting ducts for water resorption. 
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FIGURE 4-18 « Intravascular contrast media are handled by the kidney 
in the same way as inulin. Contrast medium filters through the glomerulus 
into the tubules, where it is not reabsorbed or secreted. However, water, 
electrolytes, and other solutes may be reabsorbed. 


associated with individual nephron dilation, leading to 
global renal enlargement.® ® * The main resistance to 
urine flow in the kidney is at the level of the collecting 
ducts, which have a total cross-sectional intraluminal area 
that is smaller than the total intraluminal cross-sectional 
area of the tubules of the nephrons.” The contrast-induced 
reductions in glomerular filtration rate, filtration fraction, 
and renal perfusion are explainable on the basis of these 
intratubular and intracapsular pressure changes caused by 
the hypertonic solution.** *° By Starling’s law, the increase 
in proximal tubular hydrostatic pressure decreases the gra- 
dient for filtration from the glomerular capillary (Fig. 4- 
19). These effects are markedly attenuated when the low- 
osmolality and isosmolar agents are used. 

Within minutes after an intravascular osmotic diuretic is 
injected, the water and sodium excretion increases mark- 
edly (see Fig. 4-19).*° * 8% Much of the diuretic action can 
be accounted for on the basis of inhibition of sodium 
and water reabsorption in the proximal tubule, along with 
inhibition of sodium and water transport in the loop of 
Henle.” During brisk osmotic diuresis, the distal tubule 
and collecting duct fail to recapture any notable portion of 
the increased sodium and water load delivered into the 
early distal tubule. Increases in the rate of perfusion of the 
distal portion of the loop lead to a decrease in whole kidney 
GFR, which is a function of the so-called tubuloglomerular 
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FIGURE 4-19 + Diagram of the effects of contrast media on tubular physiology. The nephron on the left side is in the nondiuretic state, and sites of 
Na* and H:O absorption are indicated. On the right side is depicted a nephron during osmotic diuresis after the injection of contrast material (CM). 
The nephron swells, and much of the diruetic action of the hypertonic solutions can be accounted for on the basis of inhibition of Na~ and H,O 
transport in the loop of Henle. Note that the increase in proximal tubular pressure (Pt) leads to a decrease in glomular filtration rate by means of 
Starling’s law, and the glomerular filtration rate is proportional to hydrostatic pressure in the glomerular capillary (Pgc) minus hydrostatic pressure 
occurring in the proximal tubule (Pt). Swelling of the nephrons with diuresis creates an increase in intracapsular intrarenal pressure, and increased 
resistance to flow occurs at the level of the collecting ducts, which have a relatively small total intraluminal diameter compared with that of the entire 
tubular system. (From Katzberg RW, Pabico RC, Morris TW, et al: Effects of contrast media on renal function and subcellular morphology in the dog. 


Invest Radiol 21:64—70, 1986.) 


feedback (TGF) mechanism. This is, in part, related to the 
marked increase in proximal tubular pressure with in- 
creased flow rates within the nephron. Figure 4-20 shows 
classical work by Mudge* depicting the effects of contrast 
media injected as a bolus on various renal functions. Fol- 
lowing the artifactual wash-out for Cinn, renal clearance 
(on index of GFR) decreases. This is associated with a 
diuresis (V |mL/minute]) and excretion of contrast material 
(UpV [pmol/minute]), A rapid decrease in the plasma con- 
centration of contrast material occurs, and two peaks of 
contrast medium concentration in the nephron are seen. 

The increase in urine flow produced by the osmotic 
diuresis is associated with an increase in the excretion of a 
wide variety of substances other than water and sodium; 
these include potassium, calcium, phosphorus, magnesium, 
uric acid, urea, and oxalate.® Patients with persistent os- 
motic diuresis are typically volume-contracted and hyperos- 
molar. Thus, the contrast medium examination can contrib- 
ute to significant patient dehydration. Indeed, studies in 
animals have demonstrated that dehydration per se has a 
profound effect on global renal blood flow, and that the 
contrast-induced reduction in blood flow is accentuated in 
this condition. 

Results of micropuncture studies in rats after slow IV 
infusions of large doses of contrast media by Ueda (1991) 
have confirmed and extended our understanding of the 


tubular handling of contrast agents.” Diatrizoate, iohexol, 
ioxaglate, and iotrolan decrease single nephron glomerular 
filtration rate (SNGFR) during the infusion phase. A 
marked pressure drop between the distal tubules and the 
renal pelvis has been noted and provides supporting evi- 
dence that the most distal part of the nephron, including 
the collecting ducts, represents the main site of resistance 
to outflow of urine after the injection of contrast media. It 
was also noted that iotrolan, a non-ionic ratio-6 dimeric 
contrast agent, produced a more prolonged depression of 
SNGFR than did the other contrast agents; this was attrib- 
uted to the higher concentration of iotrolan, and hence to 
its increased tubular urine viscosity, which caused a pro- 
longed increase in tubular hydrostatic pressure and a more 
prolonged depression of SNGFR.” These findings suggest 
that the higher iotrolan concentration, especially in the 
proximal tubules, where it has a lessened osmotic force, is 
due to both the isosmotic nature and the dimeric configu- 
ration, thus resulting in higher urine viscosity. 

Talner and Davidson” were the first to report detailed 
observations of contrast-induced renal hemodynamic 
changes in anesthetized dogs. These investigators em- 
ployed a dye-dilution technique and found a consistent 
decrease in renal blood flow that correlated with the hyper- 
tonicity of the agent but was independent of the bolus 
injection technique, the sodium content, or the pH of the 
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FIGURE 4-20 ° Diagrams depicting the effects of contrast media in- 
jected as a bolus on various renal functions.” Following the artifactual 
wash-out for Cyyuin, renal clearance (an index of GFR) decreases. This is 
associated with a diuresis (V [mL/min]) and excretion of contrast material 
(UpV[wmol/minute]). There is a rapid decrease in the plasma concentra- 
tion of contrast material (Pp[mM]) and two peaks in contrast medium 
concentration (U,[mM]). The second peak in contrast medium concentra- 
tion is of little practical clinical significance for imaging, however. (From 
Mudge GH: The maximal urinary concentration of diatrizoate. Invest 
Radiol 15: S69, 1980.) 


medium. The decrease in renal blood flow that occurred 
with the administration of contrast material is in marked 
contrast to the vasodilatation that is noted in other vascular 
beds in response to injections of hypertonic contrast media. 
Caldicott et al. and Sherwood and Lavender,” employing 
an electromagnetic flow probe, further characterized the 
renal response as being a biphasic change in flow; that is, 
an increase in flow followed by a decrease. Developing a 
model of angiotensin tachyphylaxis, Caldicott et al.” attrib- 
uted the decrease in renal blood flow resulting from the 
contrast medium injection to be mediated by angiotensin. 
However, subsequent studies employing pharmacological 
angiotensin receptor blockade failed to eliminate the con- 
trast-induced vasoconstriction and thus failed to confirm a 
role for angiotensin in the vasoconstriction.” Similarly, 
other potential endogenous vasoconstrictors released 
within the kidney—such as prostaglandins, catecholamines 
released from neural endings, or serotonin released from 
platelets—have been effectively ruled out as mediators of 
the contrast-induced vasoconstriction.” 


Subsequent investigators attributed the depression of 
renal blood flow to contrast medium osmolality.** In addi- 
tion, direct comparisons of hemodynamic functions were 
made between the potent vasoconstrictor norepinephrine 
and contrast media. The results showed that an intrarenal 
bolus of norepinephrine produces vasoconstriction, a de- 
crease in GFR, and the expected increase in filtration 
fraction (because it acts on the efferent arteriole), as op- 
posed to the bolus of contrast medium, which produces a 
decrease in renal perfusion associated with a decrease in 
filtration fraction (Fig. 4-21). Thus, opposite effects on 
filtration fraction between the contrast-induced decrease 
in flow versus the known response of classical vasoconstric- 
tors to increase filtration fraction militate against endoge- 
nous vasoconstrictor hormones. Overall, these findings have 
suggested that the hemodynamic responses in the renal 
vascular bed to contrast media administration are primarily 
related to the osmolality of the injectate. 

More recently, interest has focused on calcium mediation 
of contrast-induced renal vasoconstriction® along with 
other potential candidates: adenosine” and endothelin. 
Some promising, but preliminary, investigation suggests 
that endothelin receptor antagonists may exert some pro- 
tective effect against nephrotoxicity. Further experimen- 
tal evidence is needed to establish these as contrast me- 
dium-—induced hemodynamic mediators and to define their 
relationship, if any, to contrast medium—induced renal fail- 
ure. 

Recent evidence suggests that some contrast material, 
particularly the ratio-6 isotonic dimers, may be subject to 
pinocytosis (engulfment of small droplets by other cells) 
into tubular cells, where they remain for some time, and 
where they can contribute to a faint and very prolonged CT 
nephrogram. Retention of contrast material in the kidneys, 
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FIGURE 4-21 * Comparison of intrarenal boluses of norepinephrine 
versus a hypertonic contrast medium. The contrast medium-—induced 
marked reductions in both filtration fraction and GFR coincide with the 
decrease in RBF. This is in sharp contrast to the response to other known 
renal vasoconstrictors, such as norepinephrine and angiotensin II, which 
produce a relatively smaller decrease in GFR than in RBF, and thus yield 
a net increase in filtration fraction. (From Katzberg RW, Schulman G, 
Meggs LG, et al: Mechanism of the renal response to contrast medium 
in dogs: Decrease in renal function due to hypertonicity. Invest Radiol 
18:75, 1983.) 


lasting for several days, has been described in patients 
suffering from renal diseases preceding the injection of 
contrast media.! 1° Jakobsen™™® demonstrated persistent 
and specifically cortical attenuation as assessed by CT in 
patients up to 56 hours after the administration of low- 
osmolality and isosmolar contrast agent. There was no 
evidence, however, for an association with a decline in 
renal function. CT attenuation of the kidney at 24 hours 
with values greater than 113 HU is suggestive of contrast 
medium-related acute renal failure.!!° 


Contrast Media and Renal Imaging 


The plasma level of iodinated contrast agents is dose- 
dependent, and the filtered load is, up to certain limits, 
proportional to the GFR times the plasma level (i.e., 
GFR = UV/P, or UV = GFRXP, where GFR = glomeru- 
lar filtration rate [mL/minute]: U = concentration of con- 
trast material in the urine [mg/mL]; V = volume of urine 
[mL] and P = the plasma concentration of contrast materi- 
als in milligrams of iodine per milliliter of solution). The 
iodine atoms causing the greatest x-ray attenuation are 
those contained within the lumen of the nephron, with 
only minimal enhancement occurring as a function of the 
intravascular portion or the interstitial component.'* * 45. 46, 
48, 1-114 Factors affecting the density of the nephrogram 
include the number of functioning nephrons, the volume 
of the nephron, the concentration of contrast material 
within the tubule, the GFR, the dose of contrast medium 
injected, the state of patient hydration, and the type of 
contrast agent used (i.e., low-osmolality ratio-3 agents pro- 
duce denser calyceal, ureteral, and bladder opacification 
with equivalent doses of iodine when compared to the high 
osmolality ratio-1.5 agents) (Table 4-2). The visual quality 
of an excretory urogram is primarily related to the filtered 
load, the amount of iodine-containing contrast medium 
excreted by the kidney, and the volume of urine that 
distends the pelvicalyceal system and ureters.!% 4 12 118 
Urinary tract opacification is dependent on both the urinary 
concentration of iodine and the volume of contrast material 
in the opacified urine.’ * H3. 14 The terms concentration 
(ie., concentration of contrast in the urine) and density 
(i.e., radiographic density or opacity) have been used inter- 
changeably. It has been shown by Duré-Smith et al.!8 15 u5 
that this concentration/density concept is misleading, be- 
cause obvious changes may occur in the radiographic den- 
sity without any change taking place in the urinary contrast 


TABLE 4-2 • Factors Affecting the Density 
of the Nephrogram 


No. of functioning nephrons 

Volume of the nephron 

Concentration of contrast medium in the tubule 

Glomerular filtration rate 

Dose of contrast medium 

Patient hydration 

Type of contrast medium (i.e. low- better than high-osmolality contrast 
medium) 

Tubular transit time 
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medium concentration, and vice versa. A roughly linear 
relationship exists between the amount of iodine injected 
and the medullary attenuation values imaged by CT.'® 
Renal cortical and medullary enhancement comparing ra- 
tio-1.5 to ratio-3 contrast agents has confirmed that the 
peak medullary CT enhancement is significantly greater 
with the ratio-3 low-osmolality agents than with the ratio- 
1.5 high-osmolality agents. Furthermore, the ratio-3 ionic 
dimer sodium ioxaglate was superior for medullary en- 
hancement to both ratio-1.5 ionic and ratio-3.0 non-ionic 
monomers; this finding is most probably the result of its 
lower osmolality.” The urine iodine concentrations fol- 
lowed a similar pattern to the medullary enhancement 
patterns, with the urine iodine concentrations of sodium 
diatrizoate being the lowest, and with urine iodine concen- 
trations of ioxaglate being the highest. It is notable that 
the cortical enhancement was equal for all classes of con- 
trast agents tested. 

Dehydration, although producing a more concentrated 
urine, also leads to significantly reduced GFR, and the risk 
of contrast-induced nephrotoxicity and should be 
avoided." 1° The current trend toward the use of larger 
doses of contrast and away from dehydration is recom- 
mended. In a 1990 survey of members of the Society of 
Uroradiology, Barloon et al.°* reported that the amount of 
IV contrast material routinely administered for urography 
contained 20 g (43% of respondents), 40 g (47% of respon- 
dents), and 60 g of iodine (10% of respondents), and the 
most common method of injection was the bolus tech- 
nique. 

Harvey and Caldicott (1983)!° have shown, however, 
that glomerular functional responses to contrast media are 
dose related: the magnitude and duration of the reductions 
in filtration fraction are increased by logarithmic incre- 
ments in the injected dose. These findings suggest that 
further attempts at improving the excretion of contrast 
media by injecting even larger doses will meet with dimin- 
ishing returns. Duré-Smith et al. (1971)** presented data of 
urine contrast material concentrations that also suggested 
diminishing returns with doses of 2 mL/b or greater (Fig. 
4-99). 

Clinical trials in humans that have assessed the quality 
of excretory urograms by comparing conventional ratio-1.5 
HOCM with the newer ratio-3 LOCM have suggested 
that improved calyceal, ureteral, and bladder opacification 
occur mainly because of increased urinary tract iodine 
concentration.!2! Mean iodine urine (bladder) concentra- 
tions of patients receiving equal clinical doses of meglum- 
ine/sodium diatrizoate (1511 mOsm/kg) compared with 
those given meglumine/sodium ioxaglate (580 mOsm/kg) 
were 36.8 and 73.8 mg/mL, respectively. In the same clini- 
cal trial, mean urine volumes were approximately double 
for HOCM vs. LOCM (110 mL vs. 61 mL, respectively). 
Comparison of the radiographic opacification (density) of 
the coned compression radiograph of the kidney at 12 
minutes, the 14x 17-in. full-length radiograph at 15 mi- 
nutes, and the postvoid collimated radiograph of the blad- 
der were all rated significantly higher with ioxaglate 
(P<0.001).!2! 

Recent clinical comparisons between ratio-3 LOCM and 
ratio-6 IOCM indicates extremely effective visualization of 
the urinary tract with both classes of agents. + 1 1 A 
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papillary blush and visualization of the collecting ducts is 
more commonly seen with IOCM. One study reported 
better opacification of the renal pelvis with IOCM. The 
incidence of adverse effects is very low for both, though 
the frequency of discomfort with IV injection for urography 
is significantly lower with the IOCM at higher dose ranges 
(60 to 100 mL)!" 

Animal studies have demonstrated that the peak excre- 
tion of HOCM and LOCM is at about 3 minutes (see Fig. 
4-20) following a bolus IV injection, and that timing of 
radiographs should be in line with this, since the concentra- 
tion of contrast material in the urine is at its initial peak 
level, the excretion of contrast material is at its highest 
level, and the urine output is maximal.!® 2% 49. 8 Interest- 
ingly, a higher peak urine iodine concentration occurs ap- 
proximately 45 to 60 minutes after the bolus administration 
(see Fig. 4-20)—a fact, however, that has very little practi- 
cal value as the volume of excretion is minimal at this time. 

The paradox of very high concentrations of contrast 
material occurring in the tubules even in the presence of 
the vigorous diuresis of water and electrolytes that occurs 
with high osmolar agents is explained by the relative 
amount of water excretion during diuretic vs. nondiuretic 
states. Under nondiuretic conditions, less than 1% of water 
is eliminated by the tubular system, and this changes to 
only about 4% to 6% during osmotic diuresis. Thus, the 
contrast material is still highly concentrated (50 to 100 
times that in plasma) although water excretion does in- 
crease. Water excretion is even less with LOCM and 
IOCM, which explains the significantly higher concentra- 
tions achieved within the calyces, pelves, ureter, and blad- 
der as proven in clinical experiences with the low-osmo- 


lality agent ioxaglate. 


Nephrotoxicity 


Acute renal failure, which is defined as a sudden and rapid 
deterioration in renal function, can be the direct result of 


parenteral contrast medium administration.?!-* 31 8% 118, 119, 
124-146 Renal failure due to the administration of contrast 
media has been reported to be the third most common 
cause of in-hospital renal failure, after hypotension and 
surgery.” Prospective studies have revealed great variations 
in the incidence, from less than 1% to greater than 30%, 
because of a lack of consensus in definition, assessment 
with serum creatinine rather than the more accurate creati- 
nine clearance, differing patient populations, wide variabil- 
ity in contrast doses, inadequate length of follow-up, and 
limited knowlege of state of patient hydration.?2*-* 125, 12. 131, 
138, 141, 146 Contrast medium-induced acute renal failure 
(CM-ARF) has been variably defined as a minimum in- 
crease of serum creatinine from baseline values of from 
25% to 50% or an absolute increase from 0.5 to 1.0 mg/ 
dL. Nephrotoxicity following the administration of contrast 
medium may range in severity from asymptomatic, nonoli- 
guric transient renal dysfunction to oliguric (urine volume 
<400 mL/day), severe, acute renal failure requiring dial- 
ysis. Patients with mild nonoliguric acute renal failure have 
transient abnormalities. The serum creatinine level usually 
peaks 3 to 5 days after exposure and returns to baseline 
within 10 to 14 days. Patients with severe nephrotoxicity 
develop oliguria within the initial 24 hours after contrast 
administration. Oliguria usually persists for 2 to 5 days; the 
serum creatinine levels peak in 5 to 10 days and typically 
return to baseline values within 14 to 21 days. During the 
oliguric phase of CM-ARF the urinary sodium concentra- 
tion and the fractional excretion of sodium (FEy,) can be 
extremely low, the FEy, being less than 0.01.1* This is a 
distinctive characteristic of CM-ARF compared to other 
causes of nephrotoxic or ischemic acute renal failure. 

A recent study by Levy et al. (1996) found a 1% inci- 
dence of CM-ARF in 16,248 inpatients undergoing contrast 
procedures, defined as an increase in serum creatinine 
level of at least 25% to at least 2 mg/dL within 2 days 
of receiving the contrast material.’ These patients were 
compared to 174 paired subjects in the same patient popu- 


lation who were matched for age and baseline serum creati- 
nine level and who underwent similar contrast procedures, 
but who did not develop renal failure. The authors found 
that acute renal failure is a significant disorder in its own 
right, noting that even apparently minor perturbations in 
renal function conferred excess mortality independent of 
any other factor. It was emphasized that until only recently 
has it become fully recognized that even apparently small 
decreases in renal function may greatly exacerbate the 
mortality of the underlying condition.’* 1° A 25% rise in 
serum creatinine may appear to be small, but it actually 
represents a substantial fall in GFR because of the known 
exponential rise in serum creatinine level with declining 
GFR. Levy et al. (1996) also identified major new events 
that are more frequent in acute renal failure patients and 
that contribute to morbidity and mortality; these include 
acquired sepsis, bleeding, coma, and respiratory failure.'* 
Of the more than 16,000 inpatients undergoing contrast 
media examinations, mortality was 0.4%, and 0.1% of the 
subjects required renal replacement therapy consisting of 
hemodialysis, peritoneal dialysis, and continuous arteriove- 
nous hemofiltration. The mortality in patients with renal 
failure was 34% compared with 7% for those without renal 
failure. Contrast media examinations included CT of the 
head and body, cardiac angiography, and peripheral angiog- 
raphy. Approximately one third of the patients received 
LOCM. 

Numerous studies have attempted to isolate risk factors 
for contrast nephropathy, such as the classic review by 
Byrd and Sherman (1979),'”° which listed predisposing fac- 
tors for CM-ARF to include preexisting renal insufficiency 
(serum creatinine level =1.5 mg/dL), diabetes mellitus 
(possibly related to dehydration and/or hyperuricemia), de- 
hydration per se, cardiovascular disease plus the use of 
diuretics, advanced age (=70 years), myeloma, hyperten- 
sion, and hyperuricemia (Table 4-3). °° However, more 
recent studies by Parfrey et al. (1989) and Schwab et al. 
(1989) document that the population at highest risk for 
development of CM-ARF are patients who are both dia- 
betic and have preexisting renal insufficiency. These inves- 
tigators found that given equal states of hydration, neither 
diabetes alone nor renal insufficiency alone, although they 
yielded a somewhat higher risk for renal failure than in 
the normal population, resulted in a statistically greater 
incidence of renal dysfunction following contrast adminis- 
tration. 


TABLE 4-3 ¢ Risk Factors for Contrast 
Medium-Induced Acute Renal Failure 


Absolute 
Preexisting renal insufficiency and diabetes 
Relative 
Preexisting renal insufficiency, alone 
Diabetes mellitus, alone 
Dehydration 
Cardiovascular disease and diuretics 
Advanced age (>75 yr) 
Multiple myeloma (in dehydrated patient) 
Hypertension 
Uricosuria 
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It remains unproven whether LOCM and IOCM are 
less nephrotoxic than HOCM, and data are still accumulat- 
ing. As the use of LOCM has become more widespread, 
studies have reported episodes of acute nephrotoxicity after 
their administration, the clinical picture of renal dysfunc- 
tion being exactly as that observed with HOCM.™ 135-140 

Taliercio et al. (1991)! studied 307 cardiac angiography 
patients who had serum creatinine levels of 1.5 mg/dL or 
more and who received low-osmolality iopamidol or high- 
osmolality diatrizoate. CM-ARF, defined as a greater than 
0.5 mg/dL increase in serum creatinine level, was observed 
in 5% of patients who received iopamidol and 11% of 
patients who received diatrizoate; however, the difference 
did not reach statistical significance. 

The Iohexol Cooperative Study Group (1991) completed 
a multicenter trial to compare the renal effects of an 
HOCM, meglumine diatrizoate, with an LOCM, iohexol.*** 
140, 142 A total of 1194 patients undergoing elective coronary 
angiography were studied. Overall, nephrotoxicity was sig- 
nificantly less in the iohexol group than in the diatrizoate 
group. However, nephrotoxicity occurred almost entirely 
in high-risk patients with underlying renal insufficiency, 
particularly those who had diabetes. Among patients with 
both preexisting renal insufficiency (baseline serum creati- 
nine 21.5 mg/dL) and diabetes, the incidence of CM-ARF 
was 27% in the diatrizoate group and 12% in the iohexol 
group. The latter incidences were based on patients having 
a postcontrast increase in serum creatinine to | mg/dL or 
greater. The overall relative risk of nephrotoxicity from 
diatrizoate as compared to iohexol was noted to be approxi- 
mately double (P=0.002). 

Barrett and Carlisle (1992)'** performed a meta-analysis 
of the relative nephrotoxicity of HOCM vs. LOCM. The 
pooled odds for a greater than 0.5 mg/dL change in serum 
creatinine level after LOCM administration was 0.61 times 
that for HOCM administration. This study concluded that 
LOCM are less nephrotoxic than HOCM in patients with 
underlying renal failure, but that LOCM have not been 
shown to confer a significant benefit in patients with nor- 
mal renal function. 

A prospective, double-blind, randomized comparison of 
renal functional responses to a non-ionic, low-osmolality 
contrast medium and an ionic, high-osmolality contrast 
medium by Katholi et al. (1993)! in 70 patients with 
normal or slightly depressed renal function found that 
reductions in creatinine clearance were lessened after coro- 
nary angiography with the LOCM. In patients receiving 
the LOCM, creatinine clearance decreased by 19% vs. 40% 
with the HOCM at 24 hours. In those patients with 
HOCM, creatinine clearance remained depressed by 47% 
at 48 hours but was normal in the LOCM group. This 
study also emphasized the greater sensitivity of creatinine 
clearance than serum creatinine concentration alone to 
alterations in renal function, as no major changes in serum 
creatinine were demonstrated in either contrast agent 
group. 

An added concern with CM-ARF with any class of con- 
trast agent is the risk in diabetic patients being managed 
medically with metformin (Glucophage; Bristol-Myers 
Squibb), a biguanide oral antihyperglycemic agent.’ 150 
Since the excretion of metformin is primarily renal, it 
therefore accumulates in the setting of renal dysfunction. 
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This, in turn, increases the known risk of biguanide-in- 
duced acidosis, which is fatal in 50% of cases. Until re- 
cently, the manufacturer’s package insert recommended 
discontinuation of the drug for 48 hours before and for 
48 hours after contrast medium administration. The new 
recommendation is to stop metformin immediately before 
and 48 hours after contrast medium administration. Met- 
formin-associated lactic acidosis occurs primarily in patients 
taking metformin who have concurrent underlying medical 
disorders, such as renal failure, congestive heart failure, 
and hepatic failure. If acute renal failure or a reduction in 
renal function were to be caused by the iodinated contrast 
material, accumulation of metformin could occur with re- 
sultant lactate accumulation. It is quite possible that lactic 
acidosis following contrast-medium administration in pa- 
tients with diabetes managed with metformin is extremely 
rare if preexisting renal disease is excluded. Rather than 
routinely subjecting diabetic patients with normal renal 
function to several days of poor diabetic control or to a 
change in management (for example, substitution of insu- 
lin), it is rational to selectively withhold metformin for 48 
hours before and 48 hours after contrast medium adminis- 
tration only in diabetic patients with renal dysfunction. 
This issue is still without a clear-cut medical consensus. 

To summarize, among patients with preexisting renal 
insufficiency, particularly those who also have diabetes mel- 
litus, ratio-3 non-ionic LOCM appear to be 50% less neph- 
rotoxic than ratio-1.5 ionic HOCM. Special attention 
should be given to diabetics receiving metformin who need 
contrast examinations. Larger clinical trials are needed in 
the assessment of the third-generation ratio-6 non-ionic 
isotonic media. These agents have theoretical advantages 
for lessening of systemic toxicity and physiologic effects; 
however, their specific chemical nature and increased vis- 
cosity warrant scientific scrutiny after expanded clinical 
experiences. 


Proposed Mechanisms of Contrast 
Media-Associafted Renal Failure 


Although many theories have been advanced to explain the 
acute suppression of GFR, which characterizes acute renal 
failure in general, a multifactorial pathogenesis is believed. 
Thus, when the pathogenesis of CM-ARF is considered, 
the contribution of both a vascular (hemodynamic) and a 


tubular component have been proposed!”: 41 151 (Table 
4-4), 


TABLE 4-4 * Hypothetical Mechanisms of 
Contrast Material-Induced Acute Renal Failure 


Vasoconstriction 
Osmotically induced intrarenal pressure changes 
Direct action on smooth muscle 
Altered Ca?* physiology 
Adenosine 
Endothelin 
Aggregation of RBCs in the medullary circulation 
Direct tubular cell injury 
Intratubular obstruction 
“Prerenal” hypotension as occurs in dehydration 


Because of the important role assigned to renal ischemia 
in the pathogenesis of acute renal failure, determining 
the cause of contrast-induced renal vasoconstriction has 
become a topic of intense study. This has been the case 
even though no direct link between contrast-induced renal 
vasoconstriction and CM-ARF has ever been firmly estab- 
lished. The following have been implicated in contrast 
medium-—induced vasoconstriction: acute changes in intra- 
renal intracapsular pressure; direct effects of contrast me- 
dia on smooth muscle contractility via alterations in intra- 
cellular hydration; acute changes in renal perfusion 
secondary to initial vasodilatation; alterations in intracellu- 
lar Ca?* concentration; renal artery smooth muscle re- 
sponse secondary to intrarenal release of vasoactive sub- 
stances, such as adenosine and endothelin; and aggregation 
of RBCs in the medullary circulation. In addition, a tubu- 
loglomerular feedback (TGF) response, resulting from the 
contrast medium osmotic load in the renal tubules, has also 
been proposed. 

Direct toxic effects of contrast media on tubular function 
has been under much less active investigation in recent 
times, but they include direct cellular injury, tubular ob- 
struction, and “osmotic nephrosis.” A much more extensive 
discussion of possible mechanisms of nephrotoxicity has 
been undertaken by Katzberg.'* 


Radiological Findings in Contrast Medium- 
Induced Acute Renal Failure 


The typical nephrogram in CM-ARF is one that becomes 
dense immediately following the contrast medium adminis- 
tration and remains so for a prolonged time, sometimes 
persisting for more than 24 hours (Figs. 4-23 and 4-24A 
and B).*! 4 152 This pattern is observed in approximately 
75% of cases, although in reality the spectrum of possible 
presentations is wide. A second time-density pattern that 
is seen in approximately 25% of cases is a nephrogram that 
slowly becomes increasingly dense in the time interval 
during the contrast material-enhanced study, sometimes 
resembling bilateral acute ureteral obstruction. The kid- 
neys are bilaterally enlarged and smooth in outline. Opaci- 
fication of the pelvicalyceal system is poor, and the collect- 
ing system may be effaced by the surrounding interstitial 
edema. The delayed, dense nephrogram is more optimally 
detected and monitored with CT than with plain film 
radiography (Figs. 4-25 and 4-26). The echogenicity by 
ultrasonic evaluation is normal to diminished in the medul- 
lary region and normal to increased in the cortical region. 


Treatment of Established CM-ARF 


Treatment of CM-ARF may include conservative measures 
or dialysis, depending on the severity of renal impairment 
and resulting complications.*! 143 The conservative ap- 
proach is facilitated by weighing the patient daily, accu- 
rately recording fluid intake and output, and frequently (at 
least 3 times per week) measuring serum electrolytes, 
blood urea nitrogen (BUN), serum creatinine, calcium, 
and phosphate levels. Fluid management requires accurate 
clinical judgment of intravascular volume. Volume deple- 
tion may contribute to acute renal failure by decreasing 
renal perfusion, and it must be corrected. Protein intake is 
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FIGURE 4-23 ° The nephrographic patterns and time-den- 
sity curves (lower row) with excretory urography in normal 
kidneys and in those with acute tubular necrosis and chronic 
renal failure. The most commonly encountered pattern was 
CM-ARF as depicted by the “acute tubular necrosis” se- 
quence (middle diagram). (From Katzberg RW: The Contrast 
Media Manual. Baltimore, Williams & Wilkins, 1992.) 
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FIGURE 4-24 ° A, Immediate nephrotomogram 
obtained in a 47-year-old woman after she re- 
ceived an intravenous bolus injection of 100 mL 
of a high-osmolality contrast agent. The kidneys 
are normal in size, and the nephrogram is dense. 
Incidental note is made of several small parenchy- 
mal cysts (arrows). B, 20-minute radiograph of 
the same patient demonstrates persistence of the 
bilateral nephrograms and only scant excretion of 
contrast material, as is noted by a small amount of 
contrast material in the bladder. This pattern is 
relatively typical of contrast-induced acute renal 


failure. 
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limited to approximately 0.5 g/kg/day to decrease nitroge- 
nous waste production, while enough calories (35 to 
50 kcal/kg/day) are provided to avoid catabolism. Blood 
pressure is frequently evaluated and corrected with volume 
expansion, depending on the patient’s intravascular volume 
status. Elevated serum phosphate levels are treated by 
decreasing intestinal absorption of phosphates with alumi- 
num hydroxide—containing antacids. Hyperkalemia is 
treated with dietary restriction and potassium-binding res- 
ins. Metabolic acidosis is commonly observed, but mild 
cases do not require therapy. More marked acidosis is 
corrected with sodium bicarbonate, 300 to 600 mg, given 
orally 3 times a day. 

Dialysis for CM-ARF is indicated when severe hyperka- 


FIGURE 4-26 « CT scan of another patient who underwent angiography 
a day earlier, showing a persistent left renal nephrogram and vicarious 
excretion of contrast material into the gallbladder (arrows). The right 
kidney is absent a nephrogram secondary to chronic, end-stage obstructive 
uropathy. These findings are of contrast-induced acute renal failure. 
(Courtesy of Zoran Barbaric, M.D.) 


FIGURE 4-25 ¢ CT scan obtained without contrast material 
through the kidneys of a patient who underwent angiography 
24 hours earlier. Note the dense accumulation of contrast 
material in both kidneys, representing a persistent nephrogram 
and typical of the radiographic findings in contrast-induced 


acute renal failure. (Courtesy of Zoran Barbaric, M.D.) 


lemia, acidosis, or volume overload cannot be controlled 
by conservative measures. Signs and symptoms of uremia 
and the need for aggressive nutritional therapy may also 
necessitate institution of dialysis. 

Management of the recovery phase of CM-ARF is ac- 
complished by careful monitoring of serum electrolytes, 
volume status, urinary fluid, and electrolyte loss. As with 
obstructive uropathy, a diuretic phase may occur during 
recovery and is often physiologic. With time, tubular func- 
tion returns, and the kidney regains its ability to concen- 
trate the glomerular filtrate. 


Recommendations for Prevention of 
CM-ARF 


Fortunately, patients with normal renal function have an 
extremely low risk for CM-ARF, probably much less than 
0.5%, 125: 129. 135, 136, 141, 143, 144, 146 and inferior diagnostic meth- 
ods should not be used in lieu of indicated contrast studies. 
Radiologists should be attentive to the possibility of risk 
factors for renal injury, especially the combination of preex- 
isting renal insufficiency and diabetes. Precautions include 
utilization of low-osmolality contrast agents along with IV 
infusion of 0.45% sodium chloride at 100 mL/hour, 12 
hours before and 12 hours following the administration of 
contrast material (Table 4-5). This regimen is easily feasi- 
ble in hospitalized patients, and an active dialogue between 
the radiologist and the referring clinician is critically im- 
portant. For outpatients, active oral hydration is encour- 
aged both before and following the examination. In outpa- 


TABLE 4-5 * Methods of Preventing 
Contrast-Induced Acute Renal Failure 


Careful patient selection: avoid risk factors 

Hydration 

Low-osmolality (or possibly isosmolar) contrast media with lowered dose 
Increase interva] between contrast medium examinations 


tients with suspected renal dysfunction, a baseline serum 
creatinine should be performed prior to the injection of 
contrast material, and with values greater than 1.5 mg/dL 
a dialogue should be developed with the referring clinician 
regarding alternative approaches to imaging. Other precau- 
tionary recommendations are to increase the interval be- 
tween contrast media examinations, reduce the contrast 
medium dosage, and use ratio-3 or ratio-6 formulations for 
improved opacification per milliliter of medium adminis- 
tered. The specific indications for potential pharmacologic 
antidotes have not been fully established and are not rec- 
ommended until their true efficacy has been proved defin- 
itively. 
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ADVERSE REACTIONS TO 
INTRAVASCULAR IODINATED 
CONTRAST MATERIAL 


WILLIAM H. BUSH, JR. 
ELLIOTT C. LASSER 


CLASSIFICATION OF ADVERSE REACTIONS 


Adverse reactions to intravascular iodinated radiocontrast 
media (RCM) are generally classified as either systemic 
(idiosyncratic) or chemotoxic. Idiosyncratic (i.e., pseudoal- 
lergic, anaphylaxis-like, allergic-like, anaphylactoid) sys- 
temic reactions occur unpredictably and independently of 
the dose or concentration of the agent, above a certain 
threshold level. Most anaphylaxis-like reactions seem re- 
lated to release of active mediators.+ ? Conversely, chemo- 
toxic-type effects relate to dose, the molecular toxicity of 
each agent, and the physicochemical characteristics of the 
contrast agents (i.e., osmolality, viscosity, hydrophilicity, cal- 
cium-binding properties, and sodium content).** Some re- 
actions (e.g., sudden cardiopulmonary arrest) are difficult 
to categorize specifically in either of the two major reaction 
types.” The etiology of delayed, or more appropriately 
termed late, reactions is likely similar to that for acute 
reactions, albeit not specifically identified." 

The severity of systemic reactions may range from 


44 ++ Techniques and Applications of Urological Imaging 


merely annoying to life-threatening. The Multi-institutional 
Contrast Material Study Group divided reactions into three 
categories. Grade I included nausea, a single episode of 
emesis, sneezing, and vertigo. Grade II included urticaria, 
emesis occurring more than once, fever, or chills. Any 
reaction more severe than these was designated category 
III (e.g., bronchospasm, laryngoedema, hypotension). Only 
a history of general allergies or of reaction to previously 
administered contrast medium were linked to an increase 
in grade III reactions." 

Most acute adverse reactions are minor, and no treat- 
ment is required. Approximately 1% to 2% of patients 
receiving conventional, high-osmolality ionic contrast me- 
dia (HOCM) intravascularly will have a moderately severe, 
non-life-threatening reaction that requires some treatment 
for abatement.” Reactions of moderate severity of low- 
osmolality contrast media (LOCM) are reduced by a factor 
of five compared with HOCM.'*"" Allergic-type reactions 
are less frequent with non-ionic LOCM than with the ionic 
dimeric LOCM.'**° Severe life-threatening reactions can 
be expected in 0.06% to 0.4% of patients (pooled data, 
0.13%) receiving intravascular administration of HOCM.” 
Again, severe reactions occur much less frequently with 
LOCM.**""” The impact of non-ionic dimers on reactions 
awaits further analysis, although initial reports suggest that 
reaction rates will be similar to those for the non-ionic 
monomers (LOCM).? ?? 

Reported mortality rates have varied from 1 in 14,000 to 
l in 169,000.'® 23 A commonly quoted mortality rate is 1 
in 75,000.® The most recent study! had a low mortality 
rate (1:169,000), and that death rate was equal for ionic 
and non-ionic radiocontrast agents. In a compilation of 
U.S. Food and Drug Administration (FDA) reports and 
radiocontrast consumer data (recognizing the inherent 
problems with such data), more deaths from HOCM than 
LOCM were reported (3.9 vs. 2.1 per million examina- 
tions). When one compares the reported death rates fol- 
lowing injections of radiocontrast during this past decade 
with those reported in earlier decades, the overall rate has 
decreased (1:13,000 vs. 1:169,000). In our opinion, this 
decrease in mortality rate during the more recent years 
reflects many factors, particularly education in specific 
treatment of the various reactions and the use of non-ionic 
LOCM, especially for those patients at higher risk for an 
adverse effect.® 16 25.2729 Pernlexing to the theorist and 
alarming to the radiologist is the occurrence of severe, life- 
threatening anaphylaxis-like reactions to even small doses 
of intravascular non-ionic LOCM.°°2 

The prevalence overall of adverse events after the injec- 
tion of gadolinium-based contrast agents for magnetic reso- 
nance imaging (MRI) is less than 3%, and about half of 
these were only episodes of mild nausea.**~* The risk of an 
adverse effect or reaction after gadopentetate dimeglumine 
injection is reported increased if the patient has had a prior 
reaction to the gadolinium agent (8-fold) or a prior reaction 
to an iodinated contrast agent (2.5-fold), or has asthma 
(1.5-fold).*4 Severe, systemic anaphylaxis-like reactions to 
gadolinium agents occur very uncommonly.” * The preva- 
lence of a serious anaphylaxis-like reaction has varied in 
reports from 1:350,000 injections“ to 1:10,000,** and, again, 
asthma appears to be a risk factor. * Although rare, 


fatal reactions have been reported following injection of 
gadopentetate dimeglumine.” 

Late (delayed) reactions of a systemic nature to iodinated 
radiocontrast are more common than previously appreci- 
ated.!° ?2 453 The definition of late or delayed reaction has 
varied somewhat but usually means adverse events that 
begin 1 hour or more after the administration of the con- 
trast agent.*! The majority occur 6 to 12 hours after the 
initial contrast injection.!° In one large series, 50% oc- 
curred within 24 hours.*4 In the study by Panto and Da- 
vies,” 5% had a rash, and 14% had a variety of reactions. 
In the study by McCollough et al.,!* the patients reported 
similar frequencies (approximately 23%) and types of reac- 
tions to both HOCM and LOCM. Most reactions were not 
serious or life-threatening: 15% had a delayed reaction that 
was a flu-like illness; 1%, parotitis; 5% nausea/vomiting/ 
abdominal pain; and 3% headache. In another series,™ 
more than 99% of reactions were minor, with 63% con- 
sisting of itching, headaches, or limited urticaria. Isolated 
cases of a late (6 days) erythema multiforme-like skin 
eruption has been reported with non-ionic monomers.” 
Trying to define the actual occurrence of late reactions is 
difficult, because the reported prevalence for late reactions 
to non-ionic LOCM varies from 1% to 23%. Further- 
more, potential problems are presented by substantial 
“background noise” in many of the surveys; 3% to 12% of 
surveyed patients who had a CT scan without intravenous 
contrast media reported an adverse reaction.*” * 57 In re- 
cent reports by Munechika and Yasuda,™ ° the true-posi- 
tive rate for delayed reactions after non-ionic monomers 
were administered was 2.1% (12.4% minus 10.3% after 
plain non-contrast computed tomography [CT]). In initial 
reports, late reactions after administration of the newer 
non-ionic dimeric contrast agents were somewhat more 
frequent than after the non-ionic monomers (LOCM) were 
given. In a subsequent report, no difference was seen in 
the late adverse reactions between iodixano! and iohexol.*° 

Overall, in adults, late adverse reactions to administered 
non-ionic LOCM seem to occur about 5% of the time; the 
vast majority (80% to 90%) of these are mild, and severe 
reactions are rare. In some reports the 20- to 40-year-old 
age group is more prone to these reactions, but this is not 
a consistent finding.” °° The elderly seem to have fewer 
late or delayed reactions.” Some reports indicate that late 
reactions are more common in females, whereas others 
report no difference.'® 2 °° 54 Late reactions to non-ionic 
LOCM occur also in children, apparently with a prevalence 
similar to that in adults; late reactions may be more fre- 
quent in infants weighing less than 10 kg. © Apparently, 
no delayed reactions have been reported after administra- 
tion of the gadolinium agents. It is not possible to predict 
delayed (late) reactions on the basis of a history of allergy 


or the manifestation of a preexisting immediate reaction.” 


Reactions during Nonvascular Studies 


Limited systemic absorption of intravascular-type iodinated 
radiocontrast media administered for nonvascular studies 
may possibly result in generalized allergic-like reactions. 
Reactions have occurred, albeit rarely, during cys- 
tourethrography and retrograde ureteropyelography.°” °° 


Any break in the urothelium, such as during nephrostomy 
and antegrade injection, predisposes to systemic absorption 
of the contrast.” Reactions may occur rarely during endo- 
scopic retrograde cholangiopancreatography (ERCP)® and 
gastrointestinal studies using high- or low-osmolality 
agents.®™™ “lodide mumps” has occurred after oral ionic 
diatrizoate meglumine/diatrizoate sodium given for gastro- 
intestinal diagnosis.” A severe anaphylactoid reaction can 
occur after oral diatrizoate meglumine/diatrizoate sodium.” 
These reactions during gastrointestinal studies are ex- 
tremely uncommon, estimated to occur in only 1 per mil- 
lion examinations.“ Absorption from bowel is more com- 
mon when inflammatory disease is present, and contrast 
appearing in the urinary collecting system is not infre- 
quently observed. Of course, trauma to bowel or bladder 
will increase the opportunity for systemic absorption. 
Cases of allergic-like reaction to barium, used orally 
for upper gastrointestinal tract studies and during colon 
radiographic studies, are also rare and are attributed to 
various additives (e.g., flavoring or suspending agents such 
as carrageenan) in the formulation, as barium itself is 
inert. = Many of the severe anaphylaxis-like reactions 
during barium enemas reported in the early 1990s were 
due to allergic reactions to impure latex in the balloons of 
the enema tips.®° 5 That problem has since been corrected. 
Pseudo-allergic-type reactions can occur after the ad- 
ministration of oral cholecystographic agents for gallblad- 
der imaging. Because of the prolonged intrahepatic cir- 
culation of these agents, reactions may be delayed.™ 
Cross-sensitivity reactions between iodinated intravascular 
radiocontrast and oral cholecystographic material have 
been known to occur.® Therefore, consideration of other 
gallbladder imaging techniques or a premedication regimen 
should be instituted for patients who have previously expe- 
rienced a significant adverse reaction to intravascular radio- 
contrast and who now need an oral cholecystographic study. 
Myelography using low-osmolality, non-ionic contrast 
media, with or without pretreatment, is unlikely to result 
in an anaphylactoid reaction in patients who previously 
suffered anaphylactoid reaction to ionic intravascular radio- 
contrast.** Additionally, contrast arthrography can still be 
considered an acceptable examination for patients who 
have experienced an anaphylactoid reaction to intravenous 
radiocontrast if the patient has been premedicated with 
corticosteroids and antihistamines, and a low-osmolality, 
non-ionic contrast medium is used.** No data are available 
to support routine corticosteroid prophylaxis for all patients 
prior to iohexol myelography.® 
Reactions to oil-based radiocontrast are rare; a delayed 
allergic-like reaction to such agents has been reported.‘ A 
severe, delayed, hypotensive reaction after ethiodol lymph- 
angiography did occur in a patient, even though she had 
been premedicated with corticosteroids and H,-antihista- 
mines for a history of having developed hives after eating 
seafood and dizziness after an excretory urogram.* 
During hysterosalpingography, both oil-based and water- 
soluble contrast media have caused adverse symptoms 
when absorbed intravascularly. Uterine intravasation during 
injection leads to access of contrast into the lymphatic and 
venous vascular systems. Prevalence of intravasation varies 
considerably (0.5% to 9%). Intravasation may appear 
after injection of only a small amount of contrast medium, 
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particularly if there is tubal obstruction or abnormal endo- 
metrium. 

After intravasation of an oil-based contrast medium, pul- 
monary embolization of the contrast can occur. Reported 
primarily in older literature, major symptoms are shortness 
of breath, chest pain, fever, and, possibly, hypotension.” 
Severe sequelae occur rarely, and reports refer primarily 
to older studies done with an oil-based medium.*! The 
chest radiograph can become abnormal after such emboli- 
zation; pulmonary symptoms relate to larger amounts of 
intravasated oil reaching the venous vascular system. 

Intravasation of water-soluble contrast medium does not 
cause embolic pulmonary symptoms, but it can, like any 
other contrast medium injected into the vascular system, 
result in allergic-like reactions. Precaution, prevention, and 
treatment of these reactions are the same as with other 
contrast injections and reactions. If the patient scheduled 
for hysterosalpingography has a history of prior reaction to 
a contrast medium or a history of asthma or multiple 
allergies, precautions against a possible allergic-like reac- 
tion must be taken. One option is to use another diagnostic 
imaging examination (e.g., MRI) that does not require 
radiocontrast. If a radiocontrast is used, careful fluoroscopic 
observation during controlled injection of the contrast me- 
dium will help minimize intravasation. A non-ionic, low- 
osmolality, water-soluble contrast agent is recommended 
for use during hysterosalpingography in patients who are 
at higher risk for having an adverse reaction. This avoids 
persistence of an oily contrast medium in the lymphatics 
or in the peritoneal cavity with possible persistence of a 
reaction.°* An LOCM should reduce the possibility of a 
systemic reaction if the water-soluble agent were to be 
absorbed intravascularly. 1" 


Unusual and Atypical Reactions 


A vast array of unusual and atypical reactions to radiocon- 
trast have been reported in the literature.” Noncardiac 
pulmonary edema, without evidence for volume overload 
from the amount of contrast and without other signs, has 
occurred rarely, even after non-ionic LOCM.%: ” The char- 
acteristic features are hypotension and moderate to severe 
respiratory distress with production of pink frothy sputum. 
The patient is often young and previously healthy.® Dif- 
fuse, disseminated intravascular coagulation after conven- 
tional ionic HOCM and after non-ionic LOCM has also 
been reported. 100 

Exacerbation of myasthenia gravis has been reported 
during contrast-enhanced CT of the chest to evaluate the 
thymus.!°! 12 To date, the case reports are of exacerbations 
of myasthenia occurring after the intravascular injection of 
conventional, high-osmolality, ionic contrast agents.’ 

Intravascular radiocontrast has resulted in unusual aller- 
gic-like, angioedematous swelling of the pancreas.' Swell- 
ing of the parotid glands (so-called iodide-mumps) has 
occurred with both ionic and non-ionic intravascular radio- 
contrast.” 105-107 This reaction in the parotid glands could 
be a chemotoxic effect in that the concentration of iodide 
in saliva following intravascular radiocontrast administra- 
tion is approximately 30 times that of plasma’*"; a case of 
“mumps” occurring in a patient with renal failure resolved 


w 
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rapidly after hemodialysis and clearance of the radiocon- 
trast.'°° However, iodide mumps has also occurred twice in 
a patient with normal renal function, once after intravenous 
non-ionic contrast medium and a year later after oral ionic 
diatrizoate meglumine/diatrizoate sodium given for gastro- 
intestinal diagnosis, suggesting an idiosyncratic etiology.” 
Radiocontrast agents contain iodide atoms, most of which 
are bound to the phenolic ring. However, contaminating 
free iodide can be present up to a concentration of 20 we/ 
mL (normal minimal daily requirements, 50 wg/day).!" Io- 
dinated contrast media can induce hyperthyroidism in the 
patient with functionally autonomous thyroid tissue, such 
as a person with nontoxic multinodular goiter, more com- 
monly encountered in a geographic area of iodine defi- 
ciency.'? It is usually a self-limiting effect.’ The situation 
of contrast-induced, accelerated thyrotoxicosis can create a 
threatening situation for the patient with hyperfunctional 
thyroid carcinoma metastases.'!*!' Iodinated contrast 
agents can also interfere for weeks with studies or therapy 
involving radioactive iodine uptake, although the effect is 
usually moderate (i.e., 50% decrease in uptake). 


PATHOGENESIS OF SYSTEMIC REACTIONS 
Anaphylactoid 


The precise pathogenesis of systemic reactions to contrast 
media is still incompletely understood. Histamine, bradyki- 
nin, and leukotrienes are well-accepted mediators of ana- 
phylaxis, and vasoactive prostaglandins and the comple- 
ment factors (C3a and C5a) are considered likely mediators 
[Lasser hypothesis].2 Ionic contrast media have been re- 
ported to liberate or activate all of these mediators, with 
the exception of the leukotrienes. 3 41 81. 117-134 Tn addition, 
contrast media have been reported to activate the coagula- 
tion and fibrinolysin systems in some reactions and to cause 
an increase in intravascular potassium.” !-139 Most of 
these contrast-induced changes have been demonstrated 
both in vitro and in vivo. Because of complex interrelation- 
ships between the complement, contact, coagulation, and 
immune systems, and because the complement and contact 
systems may produce activated proteases that can potenti- 
ate mediator release by some cells—including mast cells, 
basophils, platelets, neutrophils, and eosinophils—it is easy 
to understand why it is so difficult to isolate critical or 
unique initiating and sequential activation factors. 


Role of Mast Cells and Basophils 


Systemic reactions occurring after intravascular injections 
of contrast media have been variously termed anaphylactic, 
anaphylactoid, allergic, hypersensitivity, and idiosyncratic. 
Anaphylaxis is the term reserved for the immediate homeo- 
static disassembly that follows antigen-IgE—mediated re- 
lease of mediators from mast cells or basophils.'*° Non- 
IgE-mediated reactions, however, may result in the release 
of identical mediators with similar end-organ responses.‘ 
As pointed out by Sheffer,'*? such reactions are often 
termed anaphylactoid, because the clinical features (and 
the induced biochemical alterations) are indistinguishable 
from those of true anaphylaxis. 


Does IgE Play a Role in Mediator Release? 


At least two clinical observations point in this direction: (1) 
the signs and symptoms of contrast material anaphylaxis 
closely mimic those of IgE-triggered immediate anaphy- 
laxis; (2) on occasion, very small doses of contrast material 
may elicit a severe reaction. However, several theoretical 
considerations appear to minimize the likelihood of IgE 
involvement: (1) patients who have not previously received 
contrast material may, nevertheless, suffer a reaction; (2) 
the ionic contrast media are nonreactive chemically and 
would not be likely candidates for hapten formation (con- 
trast material, unless combined with proteins to form a 
hapten, would have no antigenic potential). Therefore, how 
should the role of IgE in contrast material reactions be 
regarded? IgE antibodies capable of interacting with un- 
bound contrast molecules in patients exhibiting contrast 
material reactions have been demonstrated in vivo in only 
a single instance. That patient was injected with a cholan- 
giographic material that itself may function as a divalent 
hapten.'** The IgE-type antibodies in human sera demon- 
strated by Brasch and coworkers were conjugated to a 
contrast medium covalently bound to albumin on the col- 
umn.'**!46 No one has been able to demonstrate antibodies 
of any class that have been produced in animals or humans 
by injections of urographic contrast material alone. '* 
This is not unexpected, as all experimental work done with 
urographic intravascular contrast media has shown them to 
be extremely nonreactive chemically. Even non-covalent 
binding of these substances to proteins is difficult to dem- 
onstrate with any accuracy,'° yet the concept that the 
covalent binding of a simple drug with proteins of the 
host is mandatory for the induction of an immunological 
response rests on strong experimental evidence." F urther- 
more, hapten-specific immediate-type allergic reactions 
due to serum antibodies have been demonstrated in experi- 
mental animals only when the injected antigen possessed 
several antigenic determinants on the same molecule (i.e., 
was pleurivalent).'*! Pleurivalent antigens are mandatory 
because monovalent antigens lack the mechanics necessary 
to bridge adjacent IgE molecules and, hence, to initiate the 
cascade of events that begin in the target cell membrane 
following such bridging. Complicating these concepts are 
some recent laboratory studies by Lasser and Lamkin,” 
whose studies suggest that contrast media may act as pseu- 
doantigens. This is thought to be due to aggregation of the 
contrast medium. Some of the variations in contrast toxicity 
may relate to an antigen excess phenomenon whereby 
aggregated contrast media interfere with binding sites on 
basophils and mast cells and create a situation in which 
functional antigen-antibody complexes are not produced. 
Experimentally, those media with less toxicity act as better 
pseudoantigens. These concepts and data await further 


study. 


Other Potential Mechanisms of Mediator 
Release 


Complement factors C3a and C5a are included in the list 
of mediators believed to play a role in anaphylaxis. These 
physiologically active peptides, known as anaphylatoxins, 
can bring about a wide variety of reactions in vivo, includ- 


ing increased capillary permeability, release of histamine 
from mast cells or basophils, directed attraction of WBCs, 
and release of hydrolases from WBCs. In 1974, it was 
reported that contrast material appeared to activate serum 
complement." This was subsequently confirmed in vitro 
and in vivo. b 15187 153-161 Another proposed mechanism 
relates to variations in the level of Cl-esterase inhibitor, 
the inhibitor of activated factor XII, which is the initiating 
protease of the intrinsic coagulation and contact system 
cascades. It is also the most significant inhibitor of kalli- 
krein (another protease in the contact system); kallikrein 
releases bradykinin from kininogen. 

Because the prevalence of contrast material reactions is 
known to be higher in individuals with allergy, particularly 
those with asthma, it is interesting to note that the baseline 
samples of plasma from atopic asthmatics, compared with 
those from controls, showed an acceleration of prekallikrein 
transformation in the dextran sulfate—catalyzed assay, which 
closely mimicked that noted for contrast material reac- 
tors. 198 

Finally, some patients who react to contrast material and 
some asthmatics display elevated baseline plasma levels of 
an anticoagulant having some of the fundamental inhibitory 
properties of commercial heparin when tested against fac- 
tor Xa or thrombin in the presence of antithrombin III 
(heparin cofactor) (Lasser EC: Unpublished data).!” This 
substance can activate the plasma contact system, and it is 
believed that the acute mobilization of this substance in- 
volves endothelial and/or plasma and blood cell sources, 
rather than mast cell sources (Lasser EC: Unpublished 
data).'® Thus, one can postulate that a physicochemical 
(contrast-material-modulated) event could trigger contact 
system activity in vivo. 

Assuming that bradykinin is formed after a triggering 
event at a rate greater in contrast-material reactors or 
asthmatics than in normal individuals, what is its potential 
role? Bradykinin can mimic ali of the significant pathophys- 
iological effects of histamine, but it is considerably more 
potent than histamine in these activities.'® ‘© In addition, 
bradykinin is known to activate phospholipase Av, the en- 
zyme in cell membranes that is responsible for hydrolyzing 
surface membrane phospholipids of mast cells and other 
cells into lysolecithin and arachidonic acid. The latter sub- 
stance can subsequently be catalyzed into either vasoactive 
prostaglandins or leukotrienes (leukotrienes C4, D4, and 
E4 constitute what was earlier referred to as slow-reacting 
substance of anaphylaxis).'® It has also been shown that 
contrast media can inhibit angiotensin-converting enzyme, 
the substance that hydrolyzes bradykinin and limits its 
systemic effects.!®7 

To summarize, it appears that non-IgE mechanisms 
could account for many, if not all, events involved in con- 
trast-material anaphylaxis’® '4- 1° (Fig. 4-27). 


Chemotoxic 


The physicochemical properties of contrast agents, such as 
ionicity, lack of ionicity, osmolality, viscosity, calcium-bind- 
ing ability, sodium content, and hydrophilicity, elicit 
changes in various organ systems.'® Changes occur in the 


lodinated Contrast Media «++ 47 


CONTRAST MEDIA IgE -- OTHER 
: ~J ANTIGENS 


ENDOTHELIAL RELEASE COMPLEMENT MAST CELL RELEASE 
XI activators, ACTIVATION heparin, histamine 
? heparan TS XII activators, leukotrienes 
PREKALLIKREIN 
XI f 
HMWK kallikrein 


sm RBRADYKININ 


FIGURE 4-27 * Working model to demonstrate the interrelationships 
among the contact, coagulation, and complement systems in contrast 
material anaphylaxis-like reactions. (See text for details.) 


cardiac and vascular systems (e.g., bradycardia, arrhyth- 
mias, pain, vasodilation), in RBCs (e.g., sickling), in renal 
function (e.g., vascular and tubular dysfunction), and in the 
central nervous system (seizures). Besides the physio- 
chemical properties of contrast agents, agent-specific mo- 
lecular toxicities apparently exist, which help explain ad- 
verse renal effects and agent-specific nephrotoxicity." 7 
The blood-brain barrier (BBB) is normally impermeable to 
radiographic contrast agents in the doses given during 
intravenous studies. In fact, large doses (500 to 1000 mL) 
are surprisingly well tolerated in patients with normal renal 
function.'” However, a patient with end-stage renal disease 
developed seizures and encephalopathy when a very large 
dose (700 mL total over 2 days, of which 610 mL was 
administered on the first day) of high-osmolality ionic con- 
trast medium for coronary angiography. The patient was 
treated successfully with hemodialysis." However, it is not 
believed necessary to perform hemodialysis immediately 
after the usual dose (e.g., 200 mL) of contrast medium 
administered for CT unless systemic fluid overload is a 
clinical concern.!”? Intra-arterial injection of radiocontrast 
in an in vitro experiment, including a newer non-ionic 
monomer prototype, caused BBB breakdown, but in an 
agent-specific manner.’ Contrast effect on and through 
the central nervous system (limbic system) has been pro- 
posed as a mechanism for many of the observed reactions 
to intravascular contrast media.!-"8 The thesis that central 
nervous system events, particularly anxiety, play a key trig- 
gering role in contrast material anaphylaxis has been ad- 
vanced by Lalli!” 8 Although there is no doubt that 
classic vagovasal or vagovagal mechanisms come into play 
in some individuals, and that anxiety could even promote 
the release of circulating mediators in some patients,'” 
neither clinical nor experimental findings support the con- 
cept that all contrast material reactions are related to acti- 
vation of the limbic portion of the CNS.1® Anxiety, how- 
ever, could explain some severe hypothalamic responses to 
even very small or abortive attempts at contrast medium 
injection. 
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FACTORS AFFECTING THE RISK OF 
ADVERSE REACTIONS 


The incidence and severity of anaphylaxis and anaphylac- 
toid reactions to substances, including radiocontrast media, 
have been reported to be greater in adults than in chil- 
dren.'®! The overall prevalence of reactions may be greater 
for persons 20 to 50 years old,'° ” although variation with 
age has not been found in many studies. ! 182 Mikkonen 
et al. found that younger children (weighing < 24 kg) 
had fewer acute reactions to LOCM than did older chil- 
dren; reaction prevalence in older children (weighing 25 to 
40 kg) was similar to that in adults. Variations may be 
due to a heightened level of hypersensitivity, an increased 
frequency of exposure, or both.!® Similarly, late reactions 
are reported more commonly in adults than in children, 
although others find a more similar rate.*° Adverse reac- 
tions to intravascular radiocontrast are often more severe 
in older persons because elderly patients frequently are 
debilitated and unable to withstand a severe systemic ana- 
phylactoid insult, especially with cardiopulmonary manifes- 
tations.* Intuitively, elderly patients are more susceptible 
to the chemotoxic effects of radiocontrast. Race appears to 
have no effect on the incidence of anaphylaxis,'* although 
the report by Bettmann et al.” indicates fewer reactions in 
white males. The relationship of gender to rate of reactions 
to contrast media is unsettled. Lasser'® finds that younger 
women have a higher reaction rate, as does Mikkonen.*° 
Bettmann et al.!® found fewer reactions overall in males, 
but no gender difference from serious reactions. Con- 
versely, Winbery and Lieberman’ believe that gender, 
on the whole, does not appear to alter the incidence of 
anaphylaxis, and that differences are usually explainable 
by exposure factors. The debate continues regarding both 
gender and acute and late reactions to radiocontrast.'° 
Persons with allergic tendencies are at increased risk for 
an anaphylactoid reaction, and patients with a history of 
atopy account for an inordinately large percentage of cases 
of anaphylactoid reactions to iodinated contrast media.) 6 
19, 24, 26, 183, 186-188 For patients with a history of systemic 
allergies to multiple agents, the relative risk of having an 
adverse reaction to a radiocontrast medium is approxi- 
mately twice that for the general population.* !8% '%° Persons 
with pollinosis and food allergy are considered part of the 
atopic group by Simon,'* whereas those with allergies to 
medications are not. However, other studies show an in- 
creased risk of a contrast reaction if the patient is allergic 
to penicillin.'’*! In our opinion and that of others,’ 1° a 
history of seafood allergy is no more or no less relevant 
than a history of other allergies. For patients with a history 
of asthma, this relative risk is approximately two to five 
times greater.'* 1% In the multi-institutional study,'! history 
of a nonsevere previous contrast reaction increased the 
likelihood of a severe current reaction or a reaction requir- 
ing antihistamine therapy by approximately threefold. 
Debate exists as to whether persons taking adrenergic 
blocking drugs have an increased prevalence of anaphylac- 
toid reactions to radiocontrast agents. In a study by 
Greenberger et al., increased rates of anaphylactoid reac- 
tions were not associated statistically with the use of con- 
comitant medications (cardioselective B-blockers, nonselec- 
tive B-blockers, calcium antagonists); however, there was a 


trend to more reactions if the patients were receiving B- 
blockers. In the study of Greenberger et al., patients taking 
calcium antagonists, which might prevent IgE-mediator 
release from lung tissue, did not have a reduced prevalence 
of bronchospasm. In a study by Lang, et al., an increased 
prevalence of anaphylactoid reactions occurred in patients 
taking B-adrenergic blocking drugs, even an ophthalmic 
preparation. However, the study by Simon found no in- 
creased risk. It should be noted that response to treat- 
ment for contrast reactions can be “sluggish” or “refrac- 
tory” in the patients taking B blockers.'% Lang et al. 
theorize that the increased reactivity and poor response to 
therapy may explain the observation that patients with 
“heart disease” are at greater risk for a radiocontrast reac- 
tion.!*4 

As best as can be determined, no direct correlation 
or association exists between “allergy” to povidone-iodine 
topical cleansing solution and the predisposition to an aller- 
gic-like reaction to radiocontrast medium. The former is 
considered a type of contact dermatitis; the latter a pseudo- 
allergic reaction. Anaphylactic or anaphylactoid (pseudoal- 
lergic) reactions to local anesthetics, such as would be used 
during an interventional radiological procedure, may exist, 
but they are extremely rare.'® 

Total dose is likely to affect the prevalence of chemotoxic 
reactions to intravascular radiocontrast agents, but it will 
have little influence on the prevalence of anaphylactoid or 
vagal reactions.' This may account for conflicting opinions 
in the literature about whether the occurrence of clinically 
significant adverse reactions is related to dose.* Of note is 
a recent report!” indicating that large doses of non-ionic 
contrast media (i.e., 160 g of iodine) were well tolerated. 

Of interest is the increased prevalence of “recall reac- 
tions” after administration of ionic and non-ionic radiocon- 
trast to patients receiving interleukin-2 (IL-2), a potent 
stimulant of the human immune system.” 1% 18 More than 
10% of patients who received recombinant interleukin-2 
plus intravenous radiocontrast developed delayed reactions 
resembling those occurring after systemic IL-2 therapy; 
fever, chills, malaise, nausea and vomiting, rash, diarrhea, 
and, occasionally, hypotension occurred on re-exposure to 
intravenous radiocontrast for follow-up examination per- 
formed 1 month after the initial IL-2 and radiocontrast 
administration.’ The reactions responded promptly to 
supportive therapy. In the study by Shulman et al., IL-2 
“recall” reactions occurred less often with non-ionic than 
with ionic radiocontrast; reaction prevalence was also re- 
duced by waiting 4 to 6 weeks between IL-2 treatment 
and intravenous radiocontrast administration. A different 
type of reaction, resembling hypersensitivity reactions to 
radiocontrast, occurred in patients who received intra-arte- 
rial ionic radiocontrast followed by intra-arterial infusions 
of IL-2; on re-exposure to radiocontrast 1 month later, 
more than 25% of patients experienced an anaphylactoid 
reaction. These reactions were reversed by corticoste- 
roids and were prevented subsequently by a corticosteroid 
premedication regimen. However, corticosteroids may 
block IL-2 effector mechanisms so that routine corticoste- 
roid premedication for radiocontrast administration is not 
recommended.!*! Corticosteroids should be reserved to 
treat a serious radiocontrast reaction if one occurs despite 
the precautionary steps of establishing an interval (e.g., 4 


weeks) between IL-2 and radiocontrast administration, use 
of a non-ionic medium, and initial treatment of a reaction 
with supportive measures. 

The biguanides, phenformin and metformin, are used 
as monotherapy or combination therapy for patients with 
non-insulin-dependent diabetes mellitus (NIDDM).”” Re- 
nal insufficiency and liver failure are contraindications to 
the use of these drugs, because failure of renal excretion 
of metformin or failure of hepatic metabolism and excre- 
tion of phenformin leads to accumulation of these bigua- 
nides and the potential for fatal lactic acidosis.” The 
use of radiocontrast media in patients receiving metformin 
merits caution.” The potential danger of lactic acidosis 
exists because of accumulated metformin (i.e., from failure 
of renal excretion) and not from any interaction of radio- 
contrast medium and metformin, in that metformin itself 
is not nephrotoxic. The normal biological half-life of met- 
formin ranges from 1.5 to 4.5 hours in diabetic patients.” 
Patients at risk are those who may develop radiocontrast 
medium-induced nephrotoxicity and renal insufficiency or 
failure, because metformin would not be cleared normally, 
and its persistence could cause lactic acidosis. The FDA- 
approved package insert currently advises that metformin 
be stopped for 48 hours subsequent to the administration 
of radiocontrast medium; normal renal function should be 
confirmed before metformin is resumed. As noted above, 
patients with renal insufficiency should not be given met- 
formin. 

It is our opinion that diabetic patients or other patients 
who have normal renal function (i.e., normal serum creati- 
nine level and no proteinuria) are not at risk for contrast- 
induced renal failure (see section on nephrotoxicity). 
Therefore, these same patients can be considered to have 
minimal or no risk from the concurrent administration of 
metformin and intravascular radiocontrast. They certainly 
should be at no risk from other parenteral (nonintravascu- 
lar) contrast (e.g., myelography, arthrography). An ap- 
proach for a necessary contrast-enhanced study for a dia- 
betic patient with normal renal function who is taking 
metformin is to stop the metformin, check the serum 
creatinine, and proceed with the contrast study if the level 
is normal.” ?!° Following the contrast study, the metformin 
is not restarted until renal function has been rechecked at 
48 hours and found to be normal. 


MITIGATING AND PREVENTING ADVERSE 
REACTIONS 


Anaphylactoid Reactions 


The expected prevalence of adverse reactions to conven- 
tional radiocontrast in patients who have had a previous 
reaction to a conventional radiocontrast agent and who 
have not received pretreatment with corticosteroids is 17% 
to 35%,1®. 211, 212 or 3 to 8 times (perhaps even 11 times) 
greater than the risk for the general population. 

Newer radiocontrast agents are more physiological be- 
cause of their lower osmolality, and all but ioxaglate are 
non-ionic. The relative risk of adverse reactions to these 
LOCM is a factor of five less than that with HOCM, but re- 
actions, even fatal ones, are not totally eliminated.® 16 3032, 213 
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Patients at Risk 


Defining patients “at risk” for a significant adverse event 
or reaction is an unsettled argument. Most allergists (90% 
or more) believe that the presence of non—contrast mate- 
rial-related minor allergies (e.g., allergic rhinitis), regard- 
less of type or number, should not be used to classify 
patients as having high risk for an adverse reaction to 
contrast material. The American College of Radiology 
guidelines for consideration of use of LOCM specifies only 
the general term “allergies.”*!° 

Patients who have medically treated asthma or multiple 
systemic allergies should be considered at more risk for 
an anaphylaxis-like reaction to radiocontrast medium and 
should receive LOCM for their examination.!* Further- 
more, fewer allergic-type reactions occur after the non- 
ionic monomers than after the low-osmolality, ionic dimer 
ioxaglate.'*° For the patient who has a history of mild 
prior contrast reaction, use of a non-ionic LOCM is consid- 
ered sufficient if the patient does not have other risk 
factors." 1. 182 The patient who has a history of a previous 
moderate reaction to HOCM should be premedicated 


with corticosteroids and a non-ionic, LOCM should be 
used.! 214, 216-220 


Chemotoxic Reactions 


Chemotoxic effects of intravascular radiocontrast are more 
likely to cause observable adverse reactions in patients who 
are debilitated, medically unstable, or in renal failure.’ 
Hence, patients should be screened for the presence of 
clinically significant conditions (e.g., renal dysfunction, re- 
novascular disease, severe cardiovascular disease, recent 
seizures) that may place them at high risk (see discussion 
on nephrotoxicity in this chapter). In such patients, alterna- 
tive diagnostic procedures that do not require intravascular 
administration of a radiocontrast should be considered. If 
administration of radiocontrast is necessary, a low-osmol- 
ality, non-ionic agent should be used. Gadolinium agents, 
because of their substantially reduced severe adverse reac- 
tion prevalence, can be used for MRI of patients who have 
had a previous reaction to radiocontrast. Also, gadolinium 
agents have minimal nephrotoxicity when used at the usual 
small doses for diagnostic examinations and, therefore, can 
be used to image patients who have renal dysfunction 
without concern for further damaging the kidneys." *# 
Gadolinium MR contrast agents can be removed easily 
through routine hemodialysis.” Patients with possible re- 
nal dysfunction or suspected primary renal disease or dia- 
betes mellitus should have a serum creatinine determina- 
tion made prior to receiving intravascular contrast. 
Whether all patients should be screened with a serum 
creatinine assay and what serum creatinine level is consid- 
ered a contraindication to intravascular contrast administra- 
tion are unanswered questions.7!> 23. 224 

All patients should be well-hydrated before the intravas- 
cular injection of any radiocontrast agent. In patients with 
renal insufficiency, nephrotoxic effects of radiocontrast can 
best be mitigated by active hydration (e.g., 0.45% saline, 
IV). “6 For patients with diabetes and secondary renal 
dysfunction, a low-osmolality, non-ionic contrast agent of- 
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fers some, but not much, lessening of nephrotoxic poten- 
tial, as discussed earlier in this chapter (Renal Handling of 
Contrast Media).”” °° The reduction in nephrotoxicity is 
certainly not of the same magnitude as that offered by 
non-ionic agents in the reduction of allergic-like reactions. 

If the intravascular administration of a radiocontrast 
agent is required in a nonstabilized patient with recent 
seizures, pretreatment with diazepam (5 to 10 mg IV) may 
be advisable.”° As noted (in section on CNS penetration), 
diseases that affect the integrity of the BBB cause an 
increased risk for seizures after intravascular contrast ad- 
ministration.!”* 2° 

The vagal reaction may be avoided or mitigated by re- 
ducing the patient’s anxiety (Lalli also suggests diazepam 
because of its specific effect on the limbic system of the 
central brain),’”” 18 and the medication atropine (e.g., 
0.5 mg) should also be considered for the anxious patient 
who seems predisposed to this type of reaction.° 

For patients with sickle cell disease, non-ionic LOCM, 
instead of conventional HOCM, is recommended to miti- 
gate the sickling phenomenon.?® 231 

It should be reemphasized that intrathecal injection of 
conventional HOCM is contraindicated.2°2 


PRETREATMENT 


Pretesting (intravascular, cutaneous) of patients to identify 
those who have an increased likelihood of having an ana- 
phylaxis-like reaction to radiocontrast has been abandoned 
as insensitive and, in itself, potentially dangerous. !® 123: 233, 234 
Studies on the effect of pretreatment or premedication 
have generally fallen into one of three categories: (1) pa- 
tients in a high-risk group are premedicated with a given 
regimen and compared with historical controls (this strat- 
egy is selected because withholding premedication could 
be potentially harmful); (2) patients with no known risk 
factors are pretreated and compared with controls (treated 
or untreated severe reactions occur with an incidence so 
low that individual studies usually contain sufficient num- 
bers to evaluate only mild or moderate reactions); or (3) 
anecdotal patient reports are kept. Although there are 
obvious problems with studies in any of these categories, 
some useful information has been generated.2>°* 
Pretreatment has most commonly included a combina- 
tion of corticosteroids and antihistamines administered ei- 
ther parenterally or orally”? (Table 4-6). Small and associ- 
ates,” in 1982, divided 220 consecutive patients who were 
to undergo intravenous pyelography into three approxi- 
mately equal groups. One group received no premedica- 


TABLE 4-6 ° Pretreatment Regimens 


Option A: Greenberger et al., 1991 
Prednisone, 50 mg PO, 13 hr, 7 hy, 1 hr before contrast medium 
Diphenhydramine, 50 mg PO, 1 hr before contrast medium 
Non-ionic, low-osmolality contrast medium 

Option B: Lasser et al., 1994?" 
Methylprednisolone, 32 mg PO, 12 hr and 2 hr before contrast 

medium 

Non-ionic, low-osmolality contrast medium 


tion, the second group received 10 mg of the H,-antihista- 
mine chlorpheniramine subcutaneously, and the third 
group received a subcutaneous injection of saline. The 
injections were given approximately 15 minutes prior to 
the contrast challenge. Allergic-like reaction (hives and 
pruritus) occurred at an incidence of 15% in the no-medi- 
cation group, 7% in the saline pretreatment group, and 1% 
in the antihistamine-treated group. However, antihista- 
mines alone (without concomitant corticosteroids) have not 
proved effective as a premedication regimen against mod- 
erate or severe reactions.'* 74 

Zweiman and associates, in 1975, reported that 150 mg 
of prednisone given orally over a period beginning 18 hours 
prior to contrast material injection and continuing for 12 
hours after the procedure, resulted in “rash” reactions in 3 
of 37 patients (8%) who expressed previous contrast mate- 
rial rash reactions, and mild mucosal swelling in 1 of 9 
patients who experienced previous anaphylactoid reactions. 
Greenberger and coworkers,”* in 1980, reported that of 
143 patients with a previous history of an immediate gener- 
alized reaction to intravascular media (mostly urticaria and/ 
or angioedema), only 10 experienced reactions (7.0%, all 
mild) after pretreatment with 50 mg of oral prednisone 
(three times over a 13-hour period prior to the contrast) 
plus 50 mg of diphenhydramine (given intramuscularly 1 
hour prior to the contrast). 

In a 1984 report, Greenberger and associates”! added 
another element to their combined steroid and antihista- 
mine regimen, adding 25 mg of ephedrine, given orally, 1 
hour before challenge. With the original corticosteroid- 
antihistamine regimen, Greenberger et al.”° had found a 
decrease in repeated reactions to approximately 11%. The 
addition of ephedrine sulfate to the regimen further re- 
duced the occurrence of reactions to 5%. However, the 
inclusion of cimetidine, an H.-histamine blocker, increased 
the overall occurrence of reactions to 14%. The same 
investigators observed increased tremulousness in their pa- 
tients who received ephedrine. Marshall and Lieberman” 
did not observe significant adverse effects of ephedrine 
and found the three different pretreatment protocols to be 
equally effective. However, Greenberger et al.’ noted 
that ephedrine is inadvisable in patients with a history of 
hypertension or cardiovascular disease. The debate about 
whether to use both Hı- and H,-antihistamines for pre- 
treatment remains unresolved; in theory, the combination 
should be better.2*? 

The only double-blind, randomized study of preventive 
pretreatment is by Lasser and associates and cites the 
collected experiences of 27 institutions.’ In this multi- 
institutional study, which excluded patients who had a pre- 
vious severe reaction, patients receiving 32 mg of methyl- 
prednisolone (Medrol) twice (12 hours and 2 hours prior 
to contrast material challenge) or once (2 hours prior to 
contrast material challenge) were compared with similar 
placebo groups. It was found that the two-dose methyl- 
prednisolone regimen was significantly better than the 
other three regimens for mitigating all reactions and for 
reactions necessitating antihistamine therapy in the judg- 
ment of the consulting radiologist; the two-dose regimen 
approached significance for severe reactions. It was found 
that the one-dose regimen was, in fact, indistinguishable 
from the placebo regimens. When the two-dose regimen 


was compared with the other three regimens (combined), 
it was found to be significantly superior for patients experi- 
encing any type of reaction (mild, moderate, or severe) and 
for reactions necessitating antihistamine therapy in the 
judgment of the consultant radiologist. In a recent registry- 
type study," patients who had received steroids had fewer 
contrast reactions. In a small series,™® steroid pretreatment 
suppressed the potassium release evoked by ionic diatri- 
zoate, but not by a non-ionic monomer or ionic dimer. 

In their small series of patients, Greenberger and Pat- 
terson™ found a significant further reduction (i.e., to 0.5%) 
in the occurrence of anaphylactoid reactions in previous 
contrast reactors who received the corticosteroid-antihista- 
mine pretreatment regimen and a low-osmolality non-ionic 
contrast medium. A similar decrease with non-ionic LOCM 
was also shown in a prospective, randomized study by 
Lasser et al.”!® 4° However, such a dual approach (LOCM 
plus corticosteroids) has not been adopted universally. 

Routine steroid prophylaxis before administration of 
HOCM (Lasser approach) is not considered advantageous 
by some authors,” and the debate continues.” %9 Addi- 
tionally, in children with acute lymphoblastic leukemia and 
non-Hodgkin’s lymphoma, a tumor lysis syndrome is of 
sufficient concern that use of corticosteroids as prophylaxis 
against potential reactions to contrast media should be 
avoided.” For many patients, the approach of giving rou- 
tine corticosteroids may be an alternative to routine use of 
the expensive LOCM; however, issues of patient compli- 
ance arise.”!* Although corticosteroid-antihistamine pre- 
treatment appears beneficial in reducing the occurrence of 
anaphylactoid reactions, it is doubtful that it will have a 
substantial effect on true chemotoxic reactions. 


Summary 


Idiosyncratic-type reactions are unpredictable, can occur 
with only a small dose of contrast, do not depend on the 
site of injection, have certain predisposing factors (previous 
reaction to contrast, atopic allergy, hypersensitivity to 
drugs, chemicals, and foods), and can be mitigated by 
pretreatment with corticosteroids. Chemotoxic effects, 
however, are predictable, dose-dependent, and dependent 
on the site or organ injected. Predisposing factors for 
chemotoxic effects include cardiac or renal disorders, BBB 
damage, and age. Chemotoxic effects can, in some in- 
stances, be mitigated by contrast dose reduction, and hy- 
dration can protect some organs (i.e., kidneys). 


TYPICAL ACUTE REACTIONS TO 
RADIOCONTRAST 


The following types of acute reactions occur after systemic 
administration of radiocontrast: nausea and/or vomiting; 
scattered to extensive urticaria without respiratory symp- 
toms; laryngeal edema; bronchospastic reaction (asthma- 
like symptoms without coexisting cutaneous or vascular 
manifestations); hypotension (isolated) with normal sinus 
rhythm or compensatory tachycardia (note that compensa- 
tory tachycardia may be lacking in patients taking B-adren- 
ergic receptor blockers); vagal reaction (hypotension with 
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associated sinus bradycardia); anaphylaxis-like generalized 
systemic reaction with rapidly accelerating or severe bron- 
chospasm and asthma-like wheezing, angioedema, laryngeal 
edema, and developing or profound hypotension; angina; 
hypertension; seizure or convulsions; and cardiopulmonary 
arrest or cardiovascular collapse with unconsciousness, un- 
responsiveness, and pulselessness. These different reac- 
tions may occur as an isolated manifestation of radiocon- 
trast, or they may occur in a variety of combinations.’ A 
serious life-threatening reaction may occur without specific 
preliminary symptoms. A vagal reaction with hypotension 
and bradycardia also occurs independent of contrast ad- 
ministration. 

Acute airway obstruction and hypotension are the most 
threatening manifestation of an anaphylaxis-like reaction in 
adults.!® Because children and infants have, on the whole, 
strong hearts, the major problems encountered with con- 
trast reactions in the pediatric patient relate to the air- 
way.” 2 Dealing with the relatively large tongue and 
edema of the oropharynx, larynx, and airways are the major 
concerns and emphasis of treatment in children. 


GENERAL PRINCIPLES REGARDING THE 
TREATMENT OF CONTRAST REACTIONS 


Every radiologist injecting contrast material must be pre- 
pared to deal with acute systemic reactions. Certain general 
principles apply. Rooms in which contrast material injec- 
tions will be done must have first-line emergency drugs 
and equipment, either in the room or in an immediately 
accessible area, and these must be routinely checked.?® It 
is our recommendation that a list of drugs used to treat a 
contrast reaction, including dosages for adults and children, 
be posted in each room in which contrast medium is 
injected.” A radiology department can create its own list 
or use the listings provided with the American College of 
Radiology’s Manual on Contrast Media? *° (or Table 4-7 
from this chapter can be referred to). Established lines of 
emergency communication should be available between 
the radiology department and cardiac resuscitation groups. 
Radiologists must be trained and periodically retrained 
in cardiopulmonary resuscitation.” Contrast examinations 
should not be conducted outside the main institution unless 
appropriate support groups are immediately available and/ 
or the radiologists themselves are trained and properly 
prepared in all ways to assume the role of the support- 
physician groups available in institutions. 

No patient should receive an injection who has not been 
screened for significant historical factors by both referring 
physician and radiology personnel. If, for any reason, it is 
impossible to elicit historical clinical information concern- 
ing prior contrast reactions or allergies, such as when treat- 
ing trauma patients, we advise the use of LOCM to de- 
crease the potential for a reaction. The patient should also 
be screened for a history of primary renal disease and/or 
diabetes mellitus (see nephrotoxicity section). If such a 
history is obtained, a recent serum creatinine level should 
be determined before intravascular contrast medium is 
administered. 

The radiologist should be immediately available for at 
least the first critical 4 to 5 minutes following contrast 
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TABLE 4-7 • Acute Reactions to Contrast Media: Treatment Outline 


Urticaria 
Mild 
Observation 
H -antihistamine (e.g., diphenhydramine, 25-50 mg PO/IM/IV) 
Severe: add the following 
IV fluids (normal saline, lactated Ringer’s solution) 
Epinephrine (1:10,000): 1 mL (0.1 mg), slow IV (e.g., over 2-5 min) 
H,-antihistamine 
(e.g., cimetidine injectable, 300 mg, diluted to 20 mL, slow IV}; (pediatric dose: 5-10 mg/kg, diluted to 20 mL, slow IV) 
or 
(e.g., ranitidine injectable, 50 mg, diluted to 20 mL, slow IV; pediatric dose: use not established) 


Bronchospasm (isolated) 


Oxygen by mask (6-10 L/min) 
B.-agonist metered-dose inhaler (2-3 deep inhalations) (e.g., metaproterenol, terbutaline, or albuterol) or use nebulizer if available (albuterol, 0.5% 
solution, 0.5 mL in 3 mL of normal saline; breathe through nebulizer tube for 8-10 min) 
Epinephrine 
Normal blood pressure, stable bronchospasm: 
SC: 1:1000, 0.1-0.2 mL (0.1-0.2 mg); may give 0.3 mg [(pediatric dose: 0.01 mg/kg up to 0.3 mg maximum (e.g., 0.1-0.2 mg)] 
Progressive bronchospasm and/or decreased blood pressure: 
IV: 1:10,000, 1 mL (0.1 mg), slowly (e.g., over 2-5 min) (pediatric dose: 0.01 mg/kg to 0.1 mg dose) 


Laryngeal Edema (isolated) 


Oxygen by mask (6-10 L/min) 

Epinephrine 
IV: 1:10,000, 1 mL (0.1 mg), slowly (e.g., incrementally over 2-5 min) (pediatric dose: 0.01 mg/kg to 0.1 mg dose) 
SC if no TV access: 1:1,000, 0.1-0.3 mL (0.1-0.3 mg) (pediatric dose: 0.01 mg/kg up to 0.3 mg maximum dose) 


Hypotension (isolated) 


Elevate patient's legs 
Oxygen by mask (6-10 L/min) 
IV fluids (primary therapy): Rapid administration of normal saline or lactated Ringer's solution 
If unresponsive 
Vasopressor (e.g., epinephrine or dopamine); call a CODE 
Epinephrine 
IV, 1:10,000 dilution, 1 mL (0.1 mg), slowly over 2-5 min 
IV solution: 1 mg in 250 mL of DW, start at 4 wg/min (1 mL/min) 


Vagal Reaction (Hypotension and Bradycardia) 


Elevate patient's legs 

Oxygen by mask (6-10 L/min) 

IV fluids: Rapid administration of normal saline or lactated Ringer's solution 

Atropine: 0.6-1.0 mg IV, repeat in 3-5 min as needed to 3 mg (0.04 mg/kg) total (pediatric dose: 0.02 mg/kg IV; minimum, 0.1 mg, maximum, 0.6 
mg; may repeat to | mg total for infants and 2 mg total for adolescents) 

Anaphylaxis-like Reaction (Generalized): 


Elevate patient's legs if hypotensive 
Oxygen by mask (6-10 L/min) 
Suction as needed 
IV fluids: normal saline or lactated Ringer’s solution 
Epinephrine (a generalized reaction usually includes hypotension or incipient hypotension as a significant component; therefore, IV route for 
administration is advised) 
IV: 1:10,000, 1 ml (0.1 mg), slowly (e.g., incrementally over 2-5 minutes) (pediatric: 0.01 mg/kg, IV, to 0.1 mg dose) 
Note: Limit epinephrine for patients taking noncardioselective B-adrenergic blocking drugs. An alternative drug therapy for patients taking 
B-adrenergic blocking medication who are unresponsive to initial fluid and epinephrine therapy is as follows: 
Isoproterenol, 1:5000 solution for injection (0.2 mg/ml), IV, 1.0 mL diluted to 10 mL with normal saline; 1 mL (20-wg) increments (note: may 
cause hypotension or arrhythmias) 
Glucagon, 1 to 5 mg IV bolus, followed by IV infusion of 5-15 pg/min (note: may cause hypotension) 


Antihistamines 
H, blocker (e.g., diphenhydramine, 25-50 mg), IV (caution: may exacerbate or cause hypotension) 
H,-blocker 
(e.g., cimetidine, injectable, 300 mg, diluted to 20 mL, slow IV) (pediatric dose: 5-10 mg/kg, diluted, slow) 
or 


(e.g., ranitidine, injectable, 50 mg, diluted to 20 mL, slow IV) (pediatric dose: use not established) 

B-2 agonist metered dose inhaler (for persistent bronchospasm, 2 or 3 inhalations) (e.g., metaproterenol, terbutaline, or albuterol) or use nebulizer 
if available (albuterol, 0.5% solution, 0.5 mL in 3 mL of normal saline, breathe through nebulizer tube for 8-10 min) 

Corticosteroids: hydrocortisone 0.5-1.0 g IV; methylprednisolone 80 mg IV 

Angina 

Oxygen by mask (6-10 L/min) 

IV fluids: very slowly 

Nitroglycerin: 0.4 mg, sublingually, may repeat every 15 min 

Morphine: 2 mg, IV 
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TABLE 4-7 • Acute Reactions to Contrast Media: Treatment Outline Continued 


Hypertension 


Oxygen (6-10 L/min) 
IV fluids: very slowly 
Nitroglycerin: 

Orally: 0.4-mg tablet, sublingual 


Topically: 2% ointment: apply 1 in. “strip” of paste from tube; reapply as needed for effect 


Note: If secondary to autonomic dysreflexia: 


Nifedipine, 10-mg capsule, punctured or chewed and the contents swallowed [Sublingually, administered nifedipine, because of its poor 
sublingual absorption and reported serious adverse effects, is no longer recommended as the first-line drug for treatment of all hypertensive 


crises | 
Note: If secondary to pheochromocytoma 
Phentolamine, 5 mg, IV slowly 
Seizures 


Protect the patient 
Airway: Suction as needed, monitor airway for obstruction by tongue 
Oxygen by mask (6-10 L/min) 


If caused by hypotension, with or without bradycardia, treat accordingly (per protocols for those entities) 


Uncontrolled: Consider diazepam, 5 mg, IV 
Laryngeal Edema (isolated) 


Oxygen by mask (6-10 4 min) 
Epinephrine 


IV: 1:10,000, 1 mL (0.1 mg), slowly (e.g. incrementally over 2-5 min) (pediatric dose: 0.01 mg/kg to 0.1 mg dose) SC if no n access: 1:1,000, 
0.1-0.3 mL (0.1-0.3 mg) (pediatric dose: 0.01 mg/kg up to 0.3 mg maximum dose) 


injection and should remain nearby for the next 30 to 45 
minutes. The patient should remain under the watchful 
eye of an experienced technologist or a suitable substitute 
throughout the entire period that he or she remains in 
the examination room. All intravenous contrast injections 
should be made through a short needle-catheter assembly, 
and this should be left in place (with periodic saline 
flushes) to ensure access to a vessel in the event of anaphy- 
lactoid or other reaction. 


BASIC APPROACH 


The primary approach to most mild reactions (e.g., flush, 
vertigo, nausea, limited urticaria) is simple reassurance. 
For a more severe reaction, response includes six basic 
steps: release any abdominal compression, check the pa- 
tient’s pulse, ensure an adequate airway, elevate the pa- 
tient’s legs, start oxygen supplementation, and secure intra- 
venous access. Talking with the patient as you check the 
pulse rate provides much initial information: breathing is 
assessed, the possibility of a vagal reaction (bradycardia) is 
determined, and an estimate of systolic blood pressure is 
gained in that a palpable radial artery pulse approximates 
a minimum systolic blood pressure of 80 to 90 mm Hg. If 
the patient appears hypotensive, elevation of the legs 
dumps more intravascular fluid to the central circulatory 
system and enhances brain and heart perfusion. 

Oxygen, given by mask at a relatively high rate (6 to 
10 L/minute), is very important in the initial treatment of 
all reactions to intravascular contrast media and for those 
situations unrelated to contrast that occur in the radiology 
department (e.g., vagal reaction, hypotension, cardiac is- 
chemia). Hypoxia is often a major complicating factor of 
contrast reactions and adversely affects the effect of drugs 
used for treatment of reactions, especially epinephrine. A 


partial non-rebreather mask is optimal; nasal prongs are 
the least effective in delivering good oxygenation. For these 
acute contrast- or procedure-related reactions, oxygen 
should be used for all patients; a history of chronic obstruc- 
tive pulmonary disease or emphysema is not a contraindica- 
tion to the institution of oxygen therapy for an acute reac- 
tion.” 

Intravascular fluid replacement is very important, and it 
alone has been reported to be the most effective treatment 
for hypotension.” Therefore, early institution of intrave- 
nous fluids before starting drug therapy should be re- 
emphasized as being of highest priority in treating hypoten- 
sion.” Because of vasodilation and vascular leak, up to 
one-third of blood volume may be lost within 10 minutes 
of the onset of a severe anaphylactic-like reaction.” Normal 
saline or lactated Ringer’s solution are preferred for acute, 
initial intravascular fluid expansion. Iso-oncotic colloid solu- 
tions, such as 5% human albumin, are selected if the 
hypotension is unresponsive to initial fluid therapy mea- 
sures and the agents are available. 

For drug therapy, four main categories of drugs are 
utilized: (1) antihistamines, (2) steroids, (3) adrenergic ago- 
nists, and (4) anticholinergics. It should be noted that these 
drugs are not listed in order of preference for treatment of 
a serious or severe reaction. Epinephrine and atropine are 
the two primary drugs used in treating acute, serious, 
systemic contrast reactions.® 

Antihistamines (H,-receptor antagonists) are the drugs 
most frequently used by radiologists for treatment of reac- 
tions.'! 26 But, this does not mean that they are the best 
or correct ones. Goldberg” points out that antihistamines 
are of little value during a severe systemic contrast reaction 
and that is also our strong opinion. Specific receptors 
blocked by antihistamines may have already been activated. 
The very weak bronchodilating action of these drugs may 
be insufficient if they are not supplemented. Others have 
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used H,-antihistamines as secondary drugs to treat patients 
with airway edema.” ?% Of the histamine receptors, the 
H,-histamine receptor predominates in causing coronary 
vasoconstriction, so that administration of an H,-receptor 
blocker (antihistamine) (e.g., diphenhydramine) along with 
the H,-antihistamine is recommended.” 2 For the treat- 
ment of pruritus, an H,-receptor blocker (e.g., diphenhy- 
dramine) is more effective than an H,-receptor blocker 
(e.g., cimetidine) alone or combined as dual therapy. For 
acute urticaria, the combination is more effective than an 
H,-blocker alone.2 

Corticosteroids for the treatment of acute, severe ana- 
phylaxis is not supported by a secure experimental back- 
ground. The data available suggest that the most likely 
mechanism of glucocorticoid protection in these instances 
involves the production of a protein, now known as lipocor- 
tin, °° that inhibits a cellular pathway leading to the 
production of vasoactive prostaglandins and leukotrienes 
(formerly S-RSA), substances that are generally believed to 
play a significant role in severe anaphylactic reactions.?67-27° 
The time necessary to induce this protective protein would 
preclude a role for steroids in acute reactions.” + 218. 248.271. 
272 It should be noted that patients given steroids for the 
treatment of acute asthmatic attacks did not gain any ap- 
preciable help until 4 to 6 hours after steroid administra- 
tion.?” 

Epinephrine has long been considered the drug of 
choice in treating acute anaphylactic reactions, yet no uni- 
formly agreed upon regimen for its utilization in these 
circumstances has been established.® %7 274283 The a-agonist 
effects of epinephrine increase blood pressure and reverse 
peripheral vasodilation. These vasoconstrictor changes also 
decrease angioedema and urticaria.” The B-agonist actions 
of epinephrine reverse bronchoconstriction and produce 
positive inotropic and chronotropic cardiac effects (increase 
in rate and strength of heart contractions), and they may 
increase intracellular cyclic adenosine monophosphate 
(CAMP). 277 Increments in baseline AMP levels are gen- 
erally considered to inhibit mediator release from inflam- 
matory cells, whereas decrements presumably have the 
opposite effect.754 255 

Subcutaneous administration of 0.1 to 0.3 mg (0.1 to 
0.3 mL) of 1:1000 solution may be effective treatment 
when peripheral circulation is adequate. However, if circu- 
lation is poor or hypotension is developing, the subcutane- 
ous route may well be inadequate.**° With subcutaneous 
injection, slowed absorption of epinephrine occurs because 
of its local vasoconstrictor effect; a large subcutaneous dose 
of 0.5 to 1.0 mg (1:1000 concentration) may only give an 
absorbed dose of 10 to 30 pg minute.” Subcutaneous 
absorption is undependable and is affected greatly by the 
clinical condition of the patient; absorption during maximal 
need may not be enough, and vice versa. Large doses given 
subcutaneously or intramuscularly can be absorbed rapidly, 
particularly when hypotension is corrected, potentially 
causing excess adrenergic effect.?6® 287 

Intravenous epinephrine should be utilized whenever 
the progression of symptoms is rapid or when hypotension 
is suspected.® ?7. 276-278. 282, 283, 286-288 Initially, a low dose of 
0.1 mg (1 mL) of 1:10,000 solution is given slowly over 2 
to 5 minutes. After this initial low dose of IV epinephrine, 
additional small doses are given incrementally, depending 


on response to the epinephrine. Epinephrine may also 
be administered as an aerosolized mist, endotracheally or 
transtracheally.?” ?*° With endotracheal administration, the 
drug is usually absorbed rapidly in 5 to 10 breaths.?° 
For endotracheal administration, most recommend that the 
dose be the same as is used intravenously.” °°° 7°" Others 
believe that a larger dose (i.e., 2 mg) is necessary. 

For infants and children, the subcutaneous dose of 
1:1000 epinephrine is 0.01 mg/kg of body weight, up to a 
maximum of 0.3 mL (0.3 mg); for intravenous administra- 
tion, a lower dose of 1:10,000 solution is used (e.g., 1 to 
5 pg/kg) .25) 292 

Epinephrine is an excellent, if not the best, drug for 
treating many serious contrast reactions. Its use demands 
careful attention and specific application. For example, in 
individuals with fragile intracerebral or coronary circula- 
tion, the a-agonist effects of a large dose of epinephrine 
may evoke a hypertensive crisis that could produce a stroke 
or myocardial ischemia.” B-Receptor sites ordinarily re- 
spond to lower doses of epinephrine than do a-receptor 
sites, but if a patient is taking B-blockers, the refractory 
response that may occur could encourage the radiologist to 
increase the dose of epinephrine a point at which excessive 
a-adrenergic effects would be generated.” Patients with 
chronic asthma may resemble patients receiving 6-block- 
ers, as a systemic B-adrenergic hyporesponsiveness has long 
been appreciated in this group of patients.” If the degree 
of B-receptor responsiveness, either drug-induced or by 
virtue of disease, is sufficiently low, cholinergic activity will 
dominate, and secondary bradycardia may develop.” 

Patients taking B-blocking medications, such a proprano- 
lol, may require alternative drug therapy for a severe sys- 
temic anaphylactoid contrast reaction. Isoproterenol, be- 
cause it is a pure B-agonist, can override the B-blockake to 
achieve B-adrenergic effect without the problem of un- 
wanted excess a-adrenergic effect. However, isoprotere- 
nol can cause arrhythmias and/or hypotension.” ° Dosage 
of isoproterenol is titrated to effect, diluting the 1:5000 
solution to 10 mL and administering at 20 pg (1 mL)/mi- 
nute. Some epinephrine will also be required to achieve 
an a-adrenergic effect of vasoconstriction and control of 
edema, although the epinephrine can be given at a low 
dose.® This combination of isoproterenol and smaller doses 
of epinephrine achieves both desired a- and B-adrenergic 
effects yet avoids a high dose of epinephrine and excessive 
a-adrenergic effects. Glucagon, a catabolic peptide hor- 
mone that stimulates adenylate cyclase, is another option 
for the patient taking B-blockers who is having a severe 
anaphylaxis-like contrast reaction, because glucagon has 
both positive inotropic and chronotropic effects on the 
heart.! The dose of glucagon is 1 to 5 mg by IV bolus, 
followed by an IV infusion of 5 to 15 wg/minute. Unlike 
isoproterenol, glucagon does not seem to cause arrhyth- 
mias, but, like isoproterenol, it may cause hypotension.” 

Epinephrine should be avoided, when possible, for treat- 
ment of the pregnant patient who has a severe contrast 
reaction and hypotension.” 0 Because uterine vessels are 
sensitive to the a-adrenergic effect of epinephrine, the 
combination of hypotension plus epinephrine can cause 
serious sequelae to the fetus. Ephedrine (25 to 50 mg, 
given in an IV push) is suggested as an alternative medica- 
tion." 


Atropine is the drug of choice for treating symptomatic 
bradycardia and for treating the vagal reaction (hypotension 
plus bradycardia) refractory to IV fluid therapy.” 3%% In 
the adult, a starting dose of 0.61 to 1.0 mg, by IV slow 
push, is strongly recommended because lower doses may 
paradoxically worsen the bradycardia. Additional atropine 
is given every 3 to 5 minutes, as needed, up to a total dose 
of 3.0mg in adults, which approximates the maximally 
vagolytic dose (0.04 mg/kg).® 7” %1% The pediatric dose is 
0.02 mg/kg up to a maximum 0.6 dose, with a Pediatric 
Advanced Life Support (PALS) recommended minimum 
starting dose of 0.1 mg. Recommended total dose is 1.0 mg 
for infants and 2.0 mg for adolescents. In adults, transcuta- 
neous pacemaker should be considered as one approaches 
the maximal dose of atropine if the bradycardia persists 
and if the patient remains symptomatic. 


Treatment for Frequently Occurring Adverse 
Reactions 


Table 4—7 and the following discussion summarize specific 
treatment plans for the more frequently occurring adverse 
reactions.® ? However, these recommendations are not the 
only effective treatments,?® 1°. 2%: 305-30 and physicians are 
encouraged to develop their own or departmental proto- 
cols, which should be reviewed and updated periodically. 


Nausea and vomiting 


Nausea and vomiting are usually self-limited. However, 
these may also be early signs of more severe reactions. 
Lalli found that 15% of fatal reactions with urography using 
conventional HOCM began with nausea or vomiting.’ '® 
For this reason, the patient should be observed closely for 
systemic symptoms, while intravenous access is maintained. 
At onset of nausea or vomiting, the rate of injection should 
be slowed or stopped. Nausea and vomiting are lessened 
with the use of LOCM that are non-ionic. If symptoms 
persist or worsen, antinausea medications, such as pro- 
chlorperazine, may be administered. 


Scattered Hives or Extensive Urticaria 


Treatment is usually not necessary for only a few scattered 
hives or pruritus. However, the patient should be observed 
closely for development of other systemic symptoms while 
IV access is maintained. Urticaria that is extensive or both- 
ersome to the patient may be treated with an H,-antihista- 
mine, such as diphenhydramine. Patients should be made 
aware of possible drowsiness associated with this treatment. 
With diffuse erythema and urticaria, leakage of fluid into 
the extravascular space (“third-spacing”) may occur. In such 
situations, treatment with IV fluids (e.g., normal saline) 
and small doses of IV epinephrine are recommended. Epi- 
nephrine given IV is very effective in reversing the cutane- 
ous reactions to intravascular radiocontrast.”! Profound 
urticaria or cutaneous reactions may respond to the addi- 
tion of an H, antagonist, such as cimetidine, ranitidine, or 
nizatidine. 
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Bronchospasm 


Bronchospasm tends to occur in patients who already have 
a history of bronchospasm. The diagnosis depends on good 
auscultation of the lungs, which will reveal expiratory 
wheezing. Bronchospasm without coexisting cardiovascular 
problems should be treated with oxygen and inhaled bron- 
chodilators. Inhaled B,-adrenergic agonists, such as al- 
buterol, metaproterenol, and terbutaline, are delivered di- 
rectly to the airways and have minimal systemic absorption 
and cardiovascular effects. A nebulizer, although not often 
available in most radiology departments, is an excellent 
method for delivery of bronchodilating agents. Disposable 
metered dose inhalers (MDI) containing a B.-agonist drug 
are readily available and easily stocked as a routine medica- 
tion in areas where contrast is injected. Treatment with an 
MDI typically involves two to three deep inhalations. This 
can be administered by either the closed-mouth or open- 
mouth technique (2 cm gap) or with a spacer.*!° 3Y Amino- 
phylline is no longer a first-line drug, having been 
supplanted by the B-agonist inhalers; furthermore, amino- 
phylline may cause significant hypotension. If the initial B- 
agonist inhaler treatment is not fully effective, add nebu- 
lized B-agonist medication or inhaled mist or administer 
IV epinephrine. Epinephrine is indicated for treating bron- 
chospasm unrelieved by inhaled bronchodilators. 


Laryngeal Edema 


Patients with laryngeal edema may present with hoarseness 
or coughing. Severe cases will result in inspiratory stridor 
(preponderance of “sounds” heard at the neck) and severe 
or increasing respiratory distress. Quick and proper treat- 
ment is essential. Laryngeal edema does not respond well 
to inhaled B-agonists, and, in fact, these agents may actually 
make it worse. Laryngeal edema should be treated with IV 
epinephrine. Therefore, clinical evaluation and auscultation 
prior to beginning treatment is extremely important to 
differentiate laryngeal edema from bronchospasm. 

Epinephrine is the primary treatment for laryngeal 
edema. Subcutaneous absorption is undependable and is 
affected greatly by the clinical condition of the patient; 
absorption during maximal need may not be enough. Intra- 
venous epinephrine should be utilized whenever progres- 
sion of symptoms is rapid or when hypotension is sus- 
pected.” %7 277. 28. 283 Initially, a low dose of 0.1 mg (1 mL) 
of 1:10,000 solution is given slowly over 2 to 5 minutes. 


Isolated Hypotension 


Profound hypotension may occur without respiratory symp- 
toms. The patient is usually found to have tachycardia or 
perhaps even a normal sinus rhythm. One must differenti- 
ate this type of pure hypotensive reaction with compensa- 
tory tachycardia from the vagal reaction of hypotension 
plus sinus bradycardia. Either type of hypotensive reaction 
may occur as part of an anaphylactoid reaction. In patients 
who have been taking B-adrenergic blocking medications 
(e.g., propranolol), compensatory tachycardia may not oc- 
cur in the hypotensive reaction. 

Isolated hypotension is best treated initially by rapid IV 
fluid replacement (e.g., normal saline, lactated Ringer's 
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solution), reserving vasopressor drugs for those hypotensive 
reactions that are refractory to fluid therapy.” *” Elevation 
of the patient’s legs is very important in that the maneuver 
returns about 700 mL of blood to the central circulation 
and is preferable to placing the patient in a Trendelenburg 
position.” Infusion of large volumes of intravenous normal 
saline or Ringer's lactate solution may be required for 
adequate reversal of hypotension. 

Supplemental oxygen should be administered. If re- 
sponse to aggressive IV fluid therapy is ineftective, then 
addition of a catecholamine vasoconstrictor should be con- 
sidered (i.e., IV epinephrine or IV dopamine). 


Vagal Reaction 


The vagal reaction is characterized by sinus bradycardia 
and hypotension.°“ 3!2 Although its exact cause is unknown, 
it seems to be elicited or accentuated by anxiety or possibly 
by a direct chemotoxic effect on the CNS (e.g., dorsal 
motor nucleus). Proper recognition of this reaction and 
the bradycardia is absolutely vital to initiating appropriate 
therapy. The vasodilatation and expanded vascular space 
are treated by elevation of the patient’s legs and rapid 
infusion of IV fluids, which will successfully reverse the 
reaction in most patients. Symptomatic bradycardia is 
treated by intravenous administration of atropine to block 
vagal stimulation of the cardiac conduction system. Because 
small doses of atropine can be detrimental and exacerbate 
the bradycardia associated with contrast media-induced 
vagal reactions, larger doses (0.6 to 1.0 mg) are indi- 
cated.?11 301, 303, 3% Our recommendation is that 1.0 mg be 
given IV (by slow push) as the initial dose, and additional 
doses of 0.6 to 1.0 mg be given every 3 to 5 minutes as 
needed to correct the bradycardia, to a total dose of 3 mg 
(0.04 mg/kg) in adults. ° For the pediatric patient, the 
initial dose of atropine is 0.02 mg/kg, with a maximum 
single dose of 0.6 mg; this may be repeated to a total dose 
of 2 mg. 


Systemic Anaphylaxis-like Reactions 


These are acute, rapidly progressive, generalized systemic 
reactions characterized by pruritus, urticaria, angioedema, 
respiratory distress (bronchospasm and/or laryngeal 
edema), and profound hypotension. These reactions re- 
quire prompt treatment. Initial treatment includes mainte- 
nance of airway, administration of oxygen, rapid infusion of 
IV fluids, and adrenergic medications. Epinephrine is the 
drug of choice and should be administered IV for rapid 
effect and to avoid suboptimal absorption from subcutane- 
ous tissues because of developing hypotension.® 2” 274. 275, 277, 
278. 282, 283 A low dose, 1.0 mL (0.1 mg) of 1:10,000 solution, 
is given IV at a relatively slow rate (over 2 to 5 minutes) 
and is titrated to effect.® 242” If the reaction is not re- 
sponding to this initial, slowly administered, low IV dose, 
the rate of injection should be increased. 

Intravenous epinephrine should be given with caution to 
elderly patients and in the presence of hypoxia, in which 
cases the risk of severe cardiac arrhythmias is increased. 
Epinephrine should be avoided, if possible, in the pregnant 
patient. Additionally, the amount of IV epinephrine should 
be limited in patients who are receiving non-cardioselective 


B-blocking medications (e.g., propranolol). Excessive unop- 
posed a-adrenergic effects of epinephrine may result in 
increased release of chemical mediators; in addition, the B- 
adrenergic bronchodilatory effects are blunted. Conversely, 
patients who have been treated chronically with adrenergic 
medications may require higher doses of epinephrine or B- 
agonists for effective treatment. 

When the use of epinephrine is inadvisable, broncho- 
spasm can be treated with a B,-agonist inhaler, and hypo- 
tension can be treated with IV fluids. For the patient 
receiving B-blockers who is having a severe, generalized 
anaphylactoid reaction that has not responded to B,-agonist 
inhalation, IV fluids, and an initial small dose of IV epi- 
nephrine, isoproterenol can be added to “override” the B- 
blockade. Isoproterenol is a pure B-agonist (both Bı and 
B2) with no a-adrenergic effects. The appropriate dosage 
can be titrated to effect, starting with 1:5000 solution 
diluted to 10 mL and administered at 20 ug(1 mL)/minute. 
Isoproterenol is a potent drug and can cause hypotension 
and arrhythmias.” **’ In addition to the isoproterenol, a 
small amount of IV epinephrine, 1:10,000, is given to the 
patient to achieve some a-adrenergic effect (vasoconstric- 
tion) and thereby correct laryngeal edema and angio- 
edema.*!> Another option for the patient taking B-blockers 
is glucagon, because of its positive inotropic and chrono- 
tropic effects on the heart. The cardiac stimulant effects 
of glucagon are not associated with increased myocardial 
irritability, in contradistinction to those of isoproterenol.” 
The dose of glucagon is 1 to 5 mg by IV bolus, followed 
by an IV infusion of 5 to 15 pg/minute.!® Glucagon may 
also cause hypotension. 

In addition, large doses of IV corticosteroids are often 
given empirically to treat anaphylactoid reactions. Their 
value in treating an acute reaction is limited by slow onset 
of action.?!* 315 


Pulmonary Edema/Angina 


Patients with pulmonary edema are usually very anxious 
and very short of breath, due to reduced pulmonary com- 
pliance. They often try to sit up. The cardinal auscultatory 
signs are crackles and rales at the lung bases. Supplemental 
oxygen should be started. Cardiac monitoring is important. 
Patients with pulmonary edema do not respond rapidly to 
treatment, and transfer to an emergency room or intensive 
care unit early in treatment is recommended. 


Hypertensive Crisis 


Encountered more commonly as an autonomic dysreflexic 
response during an examination such as cystography in a 
spinal injury patient (spinal injury above T6), the patient 
may complain of “pounding” headache or angina or may 
have few complaints. Controversy exists about which drug 
is most appropriate for treatment of an acute hypertensive 
reaction.>!* 317 For the hypertensive episode caused by au- 
tonomic dysreflexia, some authors consider nifedipine to 
be the drug of choice; the 10-mg capsule is punctured or 
chewed and the contents swallowed.*!” The dose may be 
repeated in 30 minutes. Nitroglycerine is recommended by 
others as the drug of choice for treating the hypertensive 
reaction or crisis, and nifedipine is no longer advocated.*!° 


Absorption of nifedipine occurs not via the sublingual 
route, but through the gastrointestinal tract, and blood 
pressure response to biting a capsule or dripping the con- 
tents sublingually may be delayed or unpredictable.*!* Ni- 
troglycerine is given sublingually as a 0.4 mg tablet, which 
usually has a duration of 10 to 30 minutes, or as the 
topically applied 2% ointment. A 1- to 2-in. strip of oint- 
ment is applied and rubbed into the skin; duration of effect 
is 3 to 6 hours.*"® If pheochromocytoma is suspected as a 
cause of the hypertensive crisis, IV phentolamine is the 
drug of choice. 


Seizures/Convulsions 


Seizures are often due to a severe hypotensive episode 
(e.g., profound vagal reaction). For these patients, therapy 
is directed at protecting the patient (e.g., turning the pa- 
tient onto his or her side to avoid aspiration). Evaluate the 
patient for hypotension as a cause so that it can be treated 
appropriately with IV fluids, oxygen, and IV atropine if 
bradycardia is present. Seizures may also be due to irrita- 
tion of an underlying abnormal focus in the brain by con- 
trast medium; diazepam may be helpful for this type of 


seizure control. 22% 290: 318 


Diabetic Hypoglycemia 


This is not actually a reaction to the contrast medium but 
is often a result of the preparation (e.g., NPO status) for 
an examination or procedure using contrast. The diabetic 
patient may complain of vague symptoms such as “not 
feeling well,” light-headedness, or cloudiness in thinking. 
If in doubt, and a hypoglycemic state is possible, prompt 
administration of 25 g of IV dextrose (50% solution) is 
harmless and can help to stabilize the condition of a dia- 
betic patient with hypoglycemia. 


Anxiety Reaction 


An anxiety reaction is a diagnosis of exclusion. If no abnor- 
mality is found after examining the patient’s skin, listening 
to the lungs, and evaluating the vital signs, one should 
begin to think of an anxiety reaction as a cause of shortness 
of breath, light-headedness, or anxiety. Certainly, a cardiac 
cause for the symptoms is the diagnosis to exclude. 


Cardiovascular Collapse/Cardiac Arrest 


When the patient is unconscious and unresponsive and has 
no pulse or blood pressure, cardiac arrest has occurred. If 
a patient is found in this condition, a “code” should be 
called, and immediate cardiopulmonary resuscitation 
should be started.?57 319 


Summary 


Proper preparation is key, with equipment (“code” cart, 
oxygen tanks, suction), personnel (nurses, “code” team per- 
sonnel), and medications available immediately in any area 
where contrast media is administered. Understanding the 
signs, symptoms, and treatment of various reactions to 


lodinated Contrast Media ««+-+ 57 


contrast media is a prerequisite for anyone taking the 
responsibility of administering these contrast agents to pa- 
tients. When confronted with a serious contrast reaction, 
immediately call for assistance and evaluate the patient in 
an efficient, systematic fashion. Simple, basic steps, such as 
ensuring good oxygenation, evaluating the patient’s pulse, 
elevating the patient’s legs, and administering IV fluids, 
may alone correct some reactions. Never rush to immediate 
action with drugs until you have a clear understanding of 
the exact nature or the reaction. Conversely, do not delay 
or withhold the early administration of a critical medication 
such as IV epinephrine. Proper preparation is the key. 


EXTRAVASATION OF CONTRAST MEDIA 


Contrast media extravasation, when radiographic contrast 
material is injected into the vascular system, occurs occa- 
sionally in all radiology practices. The majority of extravasa- 
tions involve small volumes; initial swelling usually dimin- 
ishes promptly and in most instances resolves without any 
long-term sequelae.*® 320 


Incidence 


The frequency of contrast media extravasation varies to 
some extent with the type of study being performed. Ex- 
travasation is most frequent during ascending lower ex- 
tremity venography, and in one series the prevalence was 
78%. When a catheter was used for injection, extravasa- 
tion episodes decreased dramatically, and occurred in only 
4.5%." During CT, the incidence of contrast media extrav- 
asation has increased as dynamic bolus techniques, with 
use of automated injectors, are now widely used. The 
overall incidence is considerably less frequent than with 
venography, however. Extravasation is estimated to occur 
with a prevalence of between 0.04% and 0.4% during CT 
examinations.” Extravasation during urography occurs 
even less frequently, °° likely because venous access is 
usually readily achieved in larger veins, and the injection is 
undertaken at a slower rate and is closely monitored by 
personnel doing it by hand. It is presumed that most 
contrast media extravasations result either from the cre- 
ation of two holes in a vein (due to a double-wall puncture 
or multiple consecutive punctures) or from actual place- 
ment of the needle or catheter tip outside of a vein. 
Extravasation of contrast media through a single defect in 
an inflamed vein would only be expected if a pre-existing 
intravenous line is employed for injection.” 


Risk Factors 


Extravasation is more probable in patients who receive 
injections through small peripheral veins and in patients 
with indwelling intravenous lines.” 38 Pre-existing IV lines 
may be located in phlebitic veins. Multiple attempts to 
establish IV access through the same vein can also be a 
problem. Extravasation is more likely to result after injec- 
tions through metal needles (such as “butterfly” needles) 
than plastic cannulas.°2! 328 
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Incidence of Severe Injuries 


Of the previously cited 39 extravasations of contrast media 
during CT, none resulted in skin ulceration or subcutane- 
ous tissue necrosis.**?"* 327 Thirty-six of the 39 patients 
received non-ionic agents, which are better tolerated. How- 
ever, severe damage consisting of at least local skin ulcer- 
ation has resulted from injection of non-ionic contrast me- 
dia for CT.32933! 


Mechanisms of Severe Injuries 


It is generally believed that the hyperosmolality of contrast 
medium is responsible primarily for its extravascular toxic- 
ity.” Additional factors, such as direct cytotoxicity, ionicity, 
and viscosity, are probably involved.*?” °° Various concen- 
trations or osmolalities of a conventional ionic agent were 
all more toxic to cutaneous tissues than equiosmolar injec- 
tions of sodium chloride in rats. °° When large volumes 
are extravasated, simple mechanical compression may also 
be a factor.” Experimental work in animals has shown 
the potential for gadolinium extravasation to cause skin 
damage.” 336 


Risk Factors for Severe Injuries 


Previous radiation therapy at an injection site, arterial in- 
sufficiency (due to atherosclerosis, diabetes mellitus, or 
connective tissue diseases, such as Raynaud’s phenome- 
non), and central or peripheral venous thrombosis increase 
the risk of a severe complication.?® Morbidity increases 
when injections are performed into the dorsum of the 
hand, foot, or ankle because of the smaller amount of 
subcutaneous tissue and the proximity of tendons, blood 
vessels, and nerves.** 37 Larger volumes of extravasated 
contrast media are more likely to cause tissue damage. 


Symptoms of Extravasation 


Once extravasation occurs, most patients complain of sting- 
ing or burning pain, and the affected site may become 
erythematous, swollen, and tender.” The initial tendency 
is to underestimate the severity of an extravasation injury, 
because the most severe manifestations may not be appar- 
ent for 48 to 72 hours.®® 7 Rarely, acute local pain or 
erythema may occur during or immediately after injection 
of a substance through a catheter that is correctly posi- 
tioned within a vein, possibly due to irritation of the vascu- 
lar endothelium.” This is most often associated with injec- 
tion of a high osmolality ionic agent and can usually be 
distinguished from an extravasation. Delayed injection site 
pain, beginning between 30 minutes and 2 days after con- 
trast medium injection, has also been observed.** Delayed 
local pain may last for several days, but it essentially always 
resolves after about a month. A case of superficial thrombo- 
phlebitis has also been reported after injection of gadopen- 
tetate dimeglumine, an ionic gadolinium agent.*° 


Treatment 


Data for treatment of extravasation of contrast media are 
sparse. Currently, no single treatment regimen has been 
widely accepted when a contrast agent extravasation oc- 
curs.°°8 


Medical Therapy 


It must also be noted that the information and treatment 
regimens are based on information gleaned from studies 
that were all performed in rodents, whose skin differs 
markedly from that of humans.*’ 


Elevation. Elevation of the affected extremity is thought 
to reduce filling by decreasing hydrostatic pressure in the 
capillaries. 


Topical Heat or Cold. Elam and colleagues found that skin 
ulcers in mice that developed after diatrizoatte extravasa- 
tions could be reduced in size by exposing the injection 
site to a condom filled with cold water (temperature, 17°C) 
for 20 minutes.° Conversely, Park et al.**! observed that 
injury severity in rats receiving subcutaneous injections of 
ioxithalamate was not affected by the immediate applica- 
tion cold water (temperature, 7 to 12°C) for 10 minutes.* 
In neither study was topical heat (temperature, 43 to 44°C 
and 34 to 40°C, respectively) of any benefit.*’ 


Local Dilution. Efficacy of local dilution of extravasation 
sites has been evaluated, and results here have also been 
conflicting.3 333. 34 If these results are translated into clini- 
cally relevant volumes, a site in which 50 mL of contrast 
media had extravasated would have to be injected with 
25 mL of saline or water to maximize the benefit of local 
dilution. A radiologist might be reluctant to administer 
such a large amount of additional fluid because of the 
concern of exacerbating pressure on the skin or other 
structures.’ 


Local Injections of Antidotes. Local injections of a few 
potential antidotes (which may reduce the severity of injur- 
ies produced by chemotherapeutic agents) have also been 
assessed with, at best, mixed results.” Hyaluronidase, an 
enzyme that breaks down the connective tissue mucopoly- 
saccharide hyaluronic acid, has reduced ulcer size pro- 
duced by contrast media extravasations in mice (with the 
larest volumes and greatest concentrations of hyaluronidase 
being most effective). However, hyaluronidase has also 
increased significantly the inflammatory reaction at extrava- 
sation sites in rats.” Local injection of corticosteroids have 
had no effect on contrast media—induced extravasation in- 
juries in animal studies.’ 34 


Surgery 


Surgical drainage of an extravasation site is nearly always 
effective and has been recommended by some for any 
contrast media extravasation in excess of 20 mL.*” Liposuc- 
tion or copious saline flushout/irrigation (through a liposuc- 
tion cannula) likely reduces significant morbidity from con- 
trast media extravasation." 


Overall Management of Contrast 
Extravasation 


Because it is not clear that any local treatment, aside from 
surgery, of contrast media extravasation injuries is effective, 
it is best to prevent the injury from occurring in the first 
place. If contrast medium is required in high-risk settings, 
use of low-osmolality contrast material (particularly non- 
ionic agents) is reeommended.*® 308,327 A policy for dealing 
with extravasation injuries should be in place in case one 
occurs. It should include provisions for close monitoring of 
patients after any extravasation injury. The affected extrem- 
ity should be elevated above the heart in such a way that 
circulation to and from that extremity is not compromised. 
It is recommended that ice packs be applied for 15 to 60 
minutes and repeated during the day as needed.*® Patients 
should then be monitored in the radiology department 
for approximately 2 to 4 hours and the extravasation site 
inspected periodically for any increase in swelling or pain, 
altered tissue sensation or perfusion, or skin ulceration or 
blistering. A plastic surgery consultation should be obtained 
immediately if the patient develops these signs or symp- 
toms. In addition, plastic surgery consultation should be 
considered for any extravasated volume estimated to ex- 
ceed 30 mL of conventional ionic and 100 mL of non-ionic 
contrast medium.*** 37 A follow-up telephone call to the 
patient at least every 24 hours until the patient’s signs 
and symptoms have disappeared completely is advised. 
Complete documentation of this process is also necessary. 


SOCIOECONOMIC ISSUES 


Selective Use of Low-Osmolality Contrast 
Media 


Some institutions have elected to use the newer low-osmol- 
ality, non-ionic contrast media in all patients (“universal 
use”), whereas others have chosen to employ LOCM only 
when patients have specific medical indications (“selective 
use”). The issues of universal vs. selective use and the 
appropriate indications for selective use of LOCM are 
points of continuing discussion, largely based on economic 
rather than medical exigencies.”° 224. 343-345 

Several meta-analyses and reviews’: 1” 3%% have examined 
the data from the three large observational series! 16. 127 
together with data from smaller studies. These analyses 
have concluded that the incidence of death from intravas- 
cular contrast medium administration is very low and is 
not different between HOCM and LOCM. The more re- 
cent report by Lasser” indicates an increased rate with 
HOCM. The frequency of severe reactions is also low, but 
it is greater for HOCM. In the Japanese study,'® the abso- 
lute risk of death was low for either type of contrast 
medium, similar to the risk of death by aircraft accident or 
homicide.22* 347 

As noted earlier in the chapter (Nephrotoxicity section), 
a recent meta-analysis of studies*#* 34 concluded that 
LOCM was less nephrotoxic only in patients who had 
preexisting renal dysfunction. In the large Iohexol Cooper- 
ative Study (1196 patients)* no difference was seen in 
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renal toxic effects between HOCM and LOCM unless 
renal insufficiency was also present. 

The primary impediment to the complete replacement 
of HOCM by LOCM for intravascular use in the United 
State has been cost. There is general agreement in the 
published literature that universal use of LOCM for the 
purpose of reducing the incidence of reactions to contrast 
media did not meet the usual standards of cost-effective- 
ness accepted by health economists and policy makers.” 
Jacobson and Rosenquist®! assumed that 15% to 20% of 
patients would be in a “higher-risk” group. Using the cost 
differential between HOCM and LOCM at the time of 
their analysis (1986-87), moving from a selective-use policy 
to universal use of LOCM would save lives at the cost of 
$7.5 million per life saved. Spring, in 1991, reported even 
higher costs of $25 million to $100 million per life saved. 

It has been suggested that the cost of treating adverse 
events should also be calculated in deciding the cost-effec- 
tiveness of LOCM.%*% In a 1994 study of nearly 43,000 
contrast-enhanced radiographic examinations (62% 
HOCM; 38% LOCM), the average cost of treatment of an 
adverse event was less than $30, and the average cost of 
treating a severe reaction was about $1700. In this study 
the estimated cost differential for the institution for using 
a selective-use policy vs. universal use, including the cost 
of treating reactions, was more than $960,000.24 356 

The cost differential between LOCM and HOCM, how- 
ever, is now narrowing, and the cost of LOCM in the 
United States has dropped quite dramatically since 1997 
due to market factors. Whereas in the 1980s there was a 
17-times cost differential in the United States between 
HOCM and LOCM, in 1999 it is only about 4 times. At 
this number, the economics to use LOCM selectively, 
rather than universally, become much less compelling. 

In the majority of Western European countries, the 
conversion to universal use of LOCM has now occurred.**" 
This was facilitated to a great degree by the initial smaller 
differential cost between HOCM and LOCM, which re- 
duced greatly the financial impact of conversion.1”) %8 As 
the cost differential between HOCM and LOCM in the 
United States decreases further, there will be a much 
greater conversion to universal use of LOCM. 

The most widely circulated guidelines for use of LOCM 
were created by the American College of Radiology.” 
These guidelines recommend that LOCM should be con- 
sidered (it is not stated as a requirement) for patients 
meeting the guideline’s criteria of being at higher risk for 
an adverse reaction. The basic set of guidelines have been 
adopted by most radiological practices as being the minimal 
indications for LOCM when LOCM is used on a selective 
basis. It is generally advised that an institution that employs 
selective use of LOCM have a written policy statement 
that includes the institution’s own criteria for LOCM use.*° 

Selective use of LOCM varies across time within the 
same institution, but it also varies widely among institu- 
tions.24 Some of the difficulty in applying the generally 
agreed on guidelines for selective LOCM use may stem 
from the discrepancy that occurs when choices are made 
for groups vs. those made for individual patients.” Physi- 
cians are more willing to spend additional money, even if 
for a relatively low chance of patient benefit, when patients 
are considered individually rather than as group. Physicians 
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say they would not recommend the use of HOCM if they 
were deciding about their own treatment or that of a 
family member, and therefore they ethically should not be 
required to administer HOCM to a patient. Although 
the ethical argument is sound, in that nonreciprocity is 
grounds for considering an action immoral, it is not clear 
whether the immoral act is the selective-use policy or the 
violation of that policy by radiologists on behalf of them- 
selves or others. This choice also highlights the difference 
between decision-making for groups and for individuals.*©° 
Physicians also point out that the selective use of LOCM 
is a choice between quality and cost.” Universal-use poli- 
cies are not an acceptable substitute for the ability to treat 
reactions to contrast medium of any type. It must be 
remembered that serious and fatal reactions to contrast 
media have occurred after administration of LOCM.*° 
Legal claims related to HOCM are infrequent. Bettmann 
and colleagues*! retrospectively reviewed 2100 claims over 
an ll-year period (1976-1987, before widespread use of 
LOCM) in a large metropolitan area and found that only 
5% involved radiologists, and only 10% of these involved 
contrast media. Most of the ten cases over the 11 years did 
not result in a trial or a financial settlement. The use of 
informed consent for the administration of intravascular 
contrast media remains controversial.?%* 7 32 Jn jurisdic- 
tions using a “reasonable patient standard,” the use of 
LOCM on a selective basis for high-risk patients necessi- 
tates informing a “low-risk” patient that an alternative con- 
trast medium with fewer reactions is available; a “reason- 
able” patient would want to know that information.*}: 363-366 
In a “reasonable physician standard” state, the decision 
about informing the patient about the option of LOCM 
will depend on the consent practices of other “reasonable” 
physicians. However, when the discussion concerns stan- 
dard of practice, one must use some caution under the 
“reasonable physician standard.” In fact, the reference 
medical community goes beyond state boundaries or state 
law when it comes to standards of practice. The American 
College of Radiology guidelines for the use of LOCM?® %5 
would be an example of a global or general standard super- 
seding a community standard of practice. Important factors 
in the selective use of LOCM are to know your state’s 
standard, establish departmental guidelines within those 
standards, and apply your guidelines consistently. 
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CHAPTER 5 


Abdominal Plain 
Radiography 


ZORAN L. BARBARIC * HOWARD M. POLLACK 


A radiograph of the abdomen has two major functions; it 
may be used as either (1) a means of primary examination 
of the abdomen or (2) an overture to a radiographic con- 
trast examination of any anatomical structure within the 
abdomen, including the urinary tract. Synonyms that have 
been used over the years are KUB (x-ray of the kidneys, 
ureters, and bladder), scout film, plain film, and prelimi- 
nary radiograph. The term “flat plate” is an anachronism 
and a throwback to the early days of radiology before the 
days of x-ray film. It has no place in current terminology. 
Only preliminary radiograph of the abdomen, preliminary 
roentgenogram of the abdomen, or if administration of a 
contrast medium is to follow, preliminary roentgenogram 
of the pelvis are technically correct terms. The word “plain” 
frequently substitutes for the word “preliminary” and im- 
plies that no contrast has been administered. The term 
abdominal plain radiography seems a logical and accept- 
able compromise. 

Four main reasons for obtaining a preliminary radio- 
graph before contrast examination are as follows: 


1. To ensure the technical quality of the examination. It 
is improper to administer radiographic contrast to the 
patient if the positioning is not correct or if the 
radiograph is overexposed or underexposed. The pre- 
liminary radiograph allows the necessary adjustments 
to be made before contrast material is given. A proper 
radiograph for examination of the urinary tract must 
include the areas of both adrenal glands on the top 
and a point 2 cm below the inferior margin of the 
symphysis pubis on the bottom. Frequently it is im- 
possible to fit this large area on a single radiograph, 
so two different film sizes have to be used (Fig. 
5-1). The supine position is preferred for a plain 
radiograph. Prone and erect radiographs are reserved 
for special indications. 

2. To detect any calcific densities that could be urinary 
tract calculi. Contrast material in the collecting sys- 
tem may totally obliterate the image of some urinary 
calculi, especially if they are in the kidney. Without 
the preliminary radiograph, many renal calculi cannot 
be diagnosed. Frequently it is impossible to deter- 
mine from a single radiograph whether a calcific den- 
sity is in the expected anatomical distribution of the 
urinary tract. An additional oblique projection is often 
needed to take a second look at the calcification to 
see whether it “moves” with the kidney (Fig. 5-2). 

3. To determine whether a contraindication to abdomi- 


nal compression exists. Compression is generally used 
in the course of obtaining an excretory urogram to 
distend the upper urinary tract system to better visu- 
alize the collecting systems. Some contraindications 
to compression are (1) abdominal aortic or iliac artery 
aneurysm (Fig. 5-3), (2) abdominal distention (ileus, 
bowel obstruction, ascites), (3) acute abdomen (ap- 
pendicitis, cholecystitis, abscess, perforation), (4) re- 
cent abdominal surgery, (5) various types of urinary 
tract diversions and stomas, (6) abdominal trauma, 
and (7) acute renal colic. (Note: A Greenfield filter 
[Fig. 5-4] or umbrella in the inferior vena cava may 
be a relative contraindication.) Many of the radio- 
graphic signs contributing to a diagnosis of the condi- 
tions just enumerated are present on the preliminary 
radiograph. This list does not imply that other patho- 
logical entities are being ignored, but merely that if 
necessary, they can be detected on other radiographs 
obtained in the course of urographic contrast exami- 
nation. 

4. To determine whether bowel preparation is adequate. 
Occasionally patients will have residual contrast mate- 
rial, usually barium, in their colon from an earlier 
radiological examination, or the patient may have an 
inordinate amount of gas. A decision has to be made 
for each patient regarding whether to proceed with 
the contrast examination, depending on the indica- 
tions, the amount of retained contrast material, and 
so forth. This decision may be one of the most trying 
that a radiologist is called on to make. On the one 
hand, cost constraints make it mandatory to perform 
studies without delay. On the other hand, a study that 
is technically inadequate because of the obscuring 
effects of barium may be worse than no study at all 
and may actually be a disservice to the patient. 


ANATOMICAL LANDMARKS 


Organ Outlines. Larger parenchymal organs such as the 
kidneys, liver, spleen, and urinary bladder are almost always 
identified on a plain abdominal radiograph. Their outline 
is visible because of the contrasting radiolucent mesenteric 
or retroperitoneal fat that surrounds these organs. On care- 
ful inspection, even the right adrenal gland can sometimes 
be identified in the fat-filled triangular radiolucent suprare- 
nal area. Numerous superimposed radiodensities and radio- 
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FIGURE 5-1 * Importance of proper patient positioning for a plain abdominal radiograph. A, A 14 X 17 in. anteroposterior abdominal film fails to 
include the inferior pubic angle. B, A subsequent film made to include only the pelvis reveals a large urethral calculus within a diverticulum in a 27- 


year-old woman. 


FIGURE 5-2 œ Relative position of various abdominal calcifications on 
different radiographic projections: A, anteroposterior; B, right posterior 
oblique; and C, left posterior oblique. The right upper quadrant calcifica- 
tions represent a gallstone and a renal calculus. The right lower quadrant 
calcification is an appendicolith. The left lower quadrant calcification is an 
injection granuloma in the gluteus maximus muscle. Note that with rotation 
the various types of calcification can usually be distinguished from each 
other by more or less typical changes in their relationship to known struc- 
tures. 
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FIGURE 5-3 ° Lateral projection at the level of the pelvic inlet (intrave- 
nous urogram). The ureter is markedly displaced anteriorly by an iliac 
artery aneurysm. Faint calcification can be detected outlining the size of 
the aneurysm. External ureteral compression in this case is contraindicated. 


FIGURE 5—4 « A Greenfield filter in the inferior vena cava is another 
contraindication to external ureteral compression. 
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lucencies from the gas-filled bowel obscure much of the 
anatomical detail provided by the contrasting fat. The main 
function of tomographic techniques is to reduce unwanted 
bowel “noise.” 


Major Muscle Outlines. The psoas muscle is particularly 
well outlined by fat on plain radiographs. Disappearance 
of this outline may imply the presence of fluid in the 
compartment adjacent to the psoas muscle. One centimeter 
lateral and parallel to the psoas is the outline of the quadra- 
tus lumborum muscle. Although visualization of both psoas 
muscles is expected in a healthy patient, in fact, failure to 
clearly observe the psoas muscle on one side may be seen 
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FIGURE 5-5 ° Pseudotumors produced by the gastric fundus and duode- 
nal bulb. A plain abdominal radiograph demonstrates bilateral soft tissue 
densities (arrowheads) superimposed on the upper portions of each kidney. 
On the left, the soft tissue density is attributable to the gastric fundus, 
and on the right, to the duodenal bulb. Care must be exercised in not 
misinterpreting these common artifacts as renal or adrenal masses. 


in up to 20% of abdominal radiographs in normal persons. 
In the pelvis, the outline of the internal obturator muscle 
forms the lateral wall of the pelvic fossa (obturator line). 


Properitoneal Fat. Properitoneal fat is also known as the 
“flank fat stripe.” It is the continuation of the posterior 
paranephric space and is sandwiched between transversalis 
fascia and the parietal peritoneum. The medial interface of 
this radiolucent stripe therefore identifies the lateral extent 
of the peritoneal cavity. 


Perivesical Fat Line. The top of the bladder, particularly 
when the bladder is empty, is outlined by a radiolucent 
strip of perivesical fat. 
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FIGURE 5—6 + Unapparent ureteral calculus. A, A plain abdominal radiograph reveals a barely perceptible opacity superimposed on the sacrum 
(arrow). The patient was complaining of left fank pain and was initially told that there was “no evidence of a stone.” In retrospect, a calculus was 
identified. B, A film exposed 10 weeks later now reveals a calculus in the distal end of the left ureter. The opacity over the sacrum is no longer seen. 
In such cases, oblique films usually clarify the issue. 


Stomach and Bowel Gas. Because the fundus is the most 
dependent part of the stomach when the patient is in the 
supine position, it is usually filled with fluid, whereas gas 
tends to accumulate in the antrum. On occasion, a fluid- 
filled fundus may mimic a left upper quadrant mass (Fig. 
5-5). The presence of a mass can be excluded by placing 
the patient in the prone position, in which case the fluid 
and gas reverse their locations. The hepatic flexure of the 
colon is almost always in the subhepatic area. Occasionally, 
this part of the colon is interposed between the dome of 
the liver and the diaphragm (Chilaiditi syndrome). 


ACUTE ABDOMINAL DISORDERS 


A plain radiographic examination of the abdomen should 
always be approached with seriousness. Moreover, referring 
clinicians requesting an abdominal radiograph usually sus- 
pect an acute process. Many diseases outside the urinary 
tract mimic urinary tract symptoms and vice versa, and 
the patient probably exhibits nonspecific symptoms, usually 
pain or epigastric discomfort. All contrast examinations 
include a precontrast or a preliminary radiograph, and a 
variety of abnormal findings and normal variants that could 
mimic a pathological process are likely to be encountered. 


Renal Colic 


A small renal or ureteral stone or poorly calcified stone may 
easily be missed on a plain radiograph. Such an oversight 


FIGURE 5-7 * An appendicolith associated with a soft tissue mass in the 
right lower quadrant is diagnostic of acute appendicitis. (Courtesy of M.I. Boechat, 


M.D.) 
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frequently occurs in the presacral ureteral segment, where 
superimposed bony densities interfere with detection (Fig. 
5-6). The presence of calcifications outside the urinary 
tract, particularly phleboliths and other vascular calcifica- 
tions, may present difficulties and produce false-positive re- 
sults. 


Acute Appendicitis 


A need for an abdominal radiograph may arise during 
triage in the emergency room for a patient with nonspecific 
right lower quadrant pain. A specific radiographic sign for 
acute appendicitis is the presence of an appendicolith (Fig. 
5-7). They are more common in children than in adults, 
and the overall incidence is 14%.! They are also more 
common in the retrocecal appendix.” Appendicoliths may 
be confused with ureteral calculi and vice versa. 

Other findings are a soft tissue mass representing an 
abscess or edema that separates the cecum from the pro- 
peritoneal fat line and, possibly, slight curvature of the 
spine because of splinting. Perforation of the appendix may 
be suggested if no gas is seen in the ascending colon 
(spasm) in the presence of paralytic ileus of the transverse 
colon (dilated transverse colon sign).? Gas in the appendix 
must always be viewed as suggestive of appendicitis, al- 
though it is occasionally seen normally (Fig. 5-8). 


Intestinal Obstruction 


Radiographic findings of intestinal obstruction depend on 
the level and completeness of the obstruction and on the 
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period of elapsed time between occurrence of the obstruc- 
tion and performance of the examination. If enough time 
has elapsed, the portion of intestine distal to the obstruc- 
tion is not distended and is gas free. The intestine above 
the obstruction is dilated and contains gas, intestinal fluid, 
and perhaps food material. If the radiograph is obtained 
early after the obstruction has occurred, the distal portion 
of the intestine may still contain gas and fecal material, 
and bowel proximal to the obstruction may not have had a 
chance to distend. Therefore, serial examinations may be 
necessary. A suspicion of bowel obstruction mandates the 
performance of erect or possibly lateral decubitus radio- 
graphs, as well as the standard supine radiograph. 

Gastric outlet obstruction is caused by hypertrophic py- 
loric stenosis and an antral web in neonates; it is caused 
by carcinoma, volvulus, scar from a gastric ulcer, or a 
bezoar in adults.4 

Duodenal obstruction has numerous developmental 
causes when seen in neonates.” In adults, duodenal ob- 
struction is more likely to be due to tumor extension and 
invasion from pancreatic carcinoma, renal carcinoma, or 
metastatic lymph nodes. Other causes are duodenal ulcer, 
primary carcinoma of the duodenum, or duodenal hema- 
toma. A peculiar type of duodenal obstruction may be 
caused by compression of the superior mesenteric artery 
and vein on the third portion of the duodenum as it crosses 
the aorta. This complication tends to occur in patients in 
whole body casts (cast syndrome), but interestingly, no 
association has been made with “nutcracker” syndrome, in 


FIGURE 5-8 + Gas in the appendix. An abdominal film from an IVU 
reveals a tubular gas-filled structure in the right lower portion of the 
abdomen (arrows) indicative of gas in the appendix. This 67-year-old 
woman complained of right lower quadrant pain. Laparotomy revealed 
acute appendicitis. Although gas in the appendix is usually abnormal, it can 
occasionally be seen normally. 


which similar superior mesenteric arterial compression is 
exerted on the left renal vein.” 

A classic radiographic finding is the “double bubble” sign 
(Fig. 5-9), in which two distinct air pockets are seen, one 
in the stomach and the second in the duodenum. Jejunal 
obstruction may produce the “triple bubble” sign.’ 

Urologists in particular are concerned about small bowel 
obstruction after dividing and reanastomosing the bowel 
during the construction of various conduits and diversions. 
In the presence of small bowel obstruction, dilatation of 
the bowel is proximal to the site of obstruction. Air-fluid 
levels are seen particularly well on the upright or decubitus 
radiograph. The more distant the site of obstruction, the 
more numerous the air-fluid levels. No air or fecal material 
is identified in the large bowel for some time after the 
acute event (Fig. 5-10). 

Besides postsurgical adhesions, causes of small bowel 
obstruction are numerous and include intussusception, gall- 
stone ileus, inflammatory bowel disease, periappendiceal 
abscess, small bowel tumors, and hernias.? One should 
always look for inguinal hernias on the abdominal radio- 
graph. They are seen as gas-containing soft tissue masses 
in the groin area. One should also look for evidence of 
incisional hernia in patients known to have had prior ab- 
dominal surgery. Bowel herniation through the diaphrag- 
matic foramina of Morgagni and Bochdalek may be seen."° 

Common causes of large bowel obstruction are colonic 
carcinoma, metastases, volvulus, diverticulitis, and fecal im- 
paction in adults and meconium plug syndrome, colonic 
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FIGURE 5-9 * “Double bubble” sign in a neonate with congenital duodenal obstruction. A. Supine view. Only the gas-filled stomach is seen. B, Same 
patient. lateral projection. The obstructed duodenum is now distended with gas. On occasion this sign may be better observed in a projection other 
than anteroposterior. (Courtesy of M.1. Boechat, M.D.) 


FIGURE 5-10 * Proximal small bowel obstruction caused by adhesions. A. In the supine position little or no gas is seen in the small or the large 
bowel distal to the obstruction site. B, Same patient in the upright position. Several air-fluid levels are now evident. (Courtesy of Barbara M. Kadell, M.D.) 
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atresia, and anal atresia in neonates. Distention is again the 
diagnostic feature on a plain radiograph, and retained fecal 
material may be striking in quantity. Perforation is a hazard 
if the large bowel, usually the cecum, enlarges to 10 cm or 
more in diameter. 


ileus 


A lack of peristaltic activity is also likely to cause bowel 
dilatation. Causes are numerous and include postoperative 


FIGURE 5-11 ° Sentinel ileus of a proximal loop of small bowel in a 
patient with acute pancreatitis. (Courtesy of Barbara M. Kadell, M.D.) 


ileus, many systemic diseases, drugs, ischemic bowel dis- 
ease, neuromuscular disorders, uremia, hypokalemia, scle- 
roderma, diabetes, and many more. "=" 

Postoperative ileus is diffuse and usually appears after 
abdominal surgery. Characteristically, both the small and 
the large bowels are dilated. This finding is important 
and differentiates the disorder from acute small bowel 
obstruction. 

Localized ileus is a reflection of a localized, isolated 
inflammatory process in the abdomen in which bowel mo- 


FIGURE 5-12 * Colon “cutoff” sign. After the passage of bilateral ureteral 
catheters in this patient with lymphoma, abdominal pain developed. The 
colon is dilated to the region of the splenic flexure, which suggests retroperi- 
toneal irritation of the left side. The position of the tip of the left ureteral 
catheter suggests that it may have perforated the ureter at this point. The 
catheter was partially withdrawn and correctly repositioned, and the large 
bowel ileus disappeared. Lateral deviation of the right ureter is attributable 
to retroperitoneal adenopathy. 


tility is inhibited adjacent to an inflammatory process. 
Prime examples are acute pancreatitis or acute cholecystitis 
(sentinel ileus)” (Fig. 5-11). 

Ureteral colic is frequently accompanied by ileus. Renal 
inflammatory disease may be associated with a segmental 
type of large bowel ileus, the “colon cutoff” sign, in which 
the colon is dilated from the cecum to a point overlying 
the abnormal kidney and beyond which it is devoid of gas 
(Fig. 5-12). 


Perforation 


A perforated viscus allows gas to escape into the peritoneal 
cavity. Detection of this “free” gas is therefore mandatory. 
To facilitate detection of gas that might have collected in 
the lesser sac (e.g., posterior gastric wall perforation), the 
patient is placed in the left lateral decubitus position for at 
least 10 minutes. Gas thereby escapes from the lesser sac 
through the gastroepiploic foramen and into the greater 
peritoneal cavity, where it is easily detected. Appropriate 
views should include (1) left lateral decubitus, (2) antero- 
posterior, and (3) chest (posteroanterior).!° A cross-table 
lateral radiograph occasionally reveals free air just below 
the anterior abdominal wall when the gas is equivocally 
demonstrated on other views. 

Large amounts of intraperitoneal gas may contrast other 
intraperitoneal structures, such as the falciform ligament," 
or may collect under the dome of the anterior abdominal 
wall (football sign)'® and contrast any intraperitoneal fluid’® 
(Fig. 5-13). Both sides of the bowel wall rather than the 
luminal side only (double-wall sign)? (Fig. 5-14) or gas 
trapped between several loops of bowel assuming a triangu- 
lar appearance (triangle sign)?’ may also be seen. Air can be 
found in the scrotum of children with pneumoperitoneum, 
pneumothorax,” retroperitoneal emphysema, or scrotal in- 
jury (Fig. 5-15). 


Certain conditions may simulate gas in the peritoneal 


FIGURE 5-13 + Pneumoperitoneum. A plain abdominal radiograph ob- 
tained with the patient in the erect position demonstrates a massive amount 
of intraperitoneal air below the diaphragm. The vertical stripe to the right 
of the liver is the falciform ligament, which appears so dense because it is 
outlined by air from both sides and because it is oriented “end-on” to the 


x-ray beam. 


Abdominal Plain Radiography *** 75 


cavity, such as the intestine located between the diaphragm 
and liver (Chilaiditi syndrome) or subdiaphragmatic fat.” 
Large amounts of free intraperitoneal air may be found 
normally up to a week after abdominal surgery. 


Abdominal Fluid 


Large amounts of peritoneal fluid can easily be detected 
on an abdominal radiograph because the floating loops of 
bowel are localized in the central portion of the abdomen. 
An overall haze and increased density caused by attenua- 
tion of x-rays by the fluid are also seen (Fig. 5-16A and B). 

Smaller amounts of fluid (ascites, blood, abscess) are 
more difficult to detect. The fluid tends to accumulate first 
in the most dependent parts of the intraperitoneal cavity: 
(1) Douglas’s pouch and peritoneal recesses in the pelvis, 
(2) the right paracolic gutter, and (3) Morison’s pouch 
(hepatorenal angle). As fluid accumulates in the pelvis, 
radiographic density increases. A characteristic appearance 
resembling dog ears can occur when fluid fills the lateral 
pelvic recesses” (Fig. 5-17). Fluid in the right paracolic 
gutter is detected with greater ease than is fluid in the 
pelvis. The fluid in the right paracolic gutter is contrasted 
from the outside by properitoneal fat and from the inside 
by gas in the ascending colon.” If the distance measured 
between these two structures, which also includes the colon 
wall, is more than 4 mm, it is diagnostic of the presence 
of fluid. 

As fluid continues to accumulate, the tip of the liver 
becomes surrounded and obliterated because mesenteric 
fat no longer provides contrast. The right lateral hepatic 
border may be displaced medially if sufficient fluid is pres- 
ent (Hellmer’s sign)” (see Fig. 5-16B). 

Retroperitoneal fluid is somewhat more difficult to de- 
tect on plain radiographs. Obliteration of the psoas outline 
is a suggestive sign,” although the psoas is not well visual- 
ized in a number of patients even without fluid.” Also, 
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FIGURE 5-14 ° Double-wall sign pathognomonic of free intraperitoneal 
gas. Both the inside and outside of the bowel wall are outlined by gas. The 
visualized loops of bowel are distended. 


FIGURE 5-15 ° Right-sided pneumoscrotum associated with penetrating 
scrotal trauma. 
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FIGURE 5-16 « Ascites in the newborn. A, A plain abdominal radiograph in the supme position in this 2-day-ald male infant reveals considerable 
fluid in the peritoneal space. The centralized or “floating” small bowel loops are diagnostic. B. An abdominal radiograph taken after a cystogram 
demonstrates massive intraperitoneal accumulation of contrast material. The liver is particularl well outlined with contrast material, and the hepatic 
border is displaced medially by fluid (Hellmer’s sign) (arrowheads). The diagnosis is intraperitoneal rupture of the urinary bladder secondary to 


catheterization. 


FIGURE 5-17 « Pelvic ascites. A plain abdominal radiograph demon- 
strates distention of the pelvic peritoneal cavity by fluid. The right and left 
peritoneal reflections (asterisks) overlap the lateral margins of the partially 
filled urinary bladder, which is indicative of fluid in the pelvis. This sign is 
often the first—and sometimes the only—finding in patients with traumatic 
rupture of an abdominal organ. Note the spina bifida occulta involving the 
upper part of the sacrum. 
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FIGURE 5-18 * Patient with a ureteral obstruction and pyelosinus extrav- 
asation. Extravasated urine in this patient has accumulated in the peri- 
nephric space and obliterated the renal outline. The caudad extension of 
the fluid-filled perinephric space is outlined at the bottom of the illustration 
(arrowheads). 


large amounts of fluid are required to fill the retroperito- Fluid localized in the perinephric space obliterates the 
neal space along the psoas muscle, and the fluid must be renal outline and the fat within that space (Fig. 5-18). 
interspersed between the muscle and retroperitoneal fat The outline of this space may become visible on a plain 


for this sign to become evident. 


radiograph because it is contrasted from outside Gerota’s 


a 


FIGURE 5-19 œ Renal “halo” sign. A, Fluid in the anterior paranephric space 
and outside the renal fascia outlines the perinephric fat. Kidney within the peri- 
nephric fat appears as though it is surrounded by a lucent “halo” (arrowheads). 
The sign is useful for diagnosing paranephric fluid. The patient had a pancreatic 
abscess. B, A computed tomographic slice through the lower pole of the left kidney 
in the same patient demonstrates fluid in the anterior paranephric space and fat 
surrounding the lower pole of the left kidney. 
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FIGURE 5-20 ° Right gas-forming perinephric abscess in a patient with pyohydronephrosis and a renal calculus. A, Except for the gas collection that 
parallels the psoas, one would have difficulty differentiating the rest of the gas from bowel contents. B, A right posterior oblique projection in the same 


patient clearly shows the gas to be anterior and posterior to the kidney. 


fascia by paranephric fat. The reverse is also true. A fluid- 
filled paranephric space contrasts the fat within the peri- 
nephric space”? (Fig. 5-19). 


Abscess 


Without a doubt, the primary method of evaluating the 
abdomen for the presence and distribution of intra-abdom- 
inal abscesses is computed tomography (CT). However, an 
abscess may frequently be seen on an abdominal examina- 


FIGURE 5-21 ° Gas-containing perivesical abscess after abdominoperi- 


neal resection. The contrast in the bladder is from a cystogram. 


tion done for other reasons, and it should not be over- 
looked. Intra-abdominal abscess is diagnosed with certainty 
only if gas is seen within a soft tissue mass (Fig. 5-20). It 
is easy to confuse the gas within the abscess with that 
of bowel gas interspersed within fecal material, although 
multiple small gas bubbles are practically pathognomonic 
for an abscess. Most intra-abdominal abscesses are compli- 
cations of abdominal surgery (Fig. 5-21), diverticulitis,” or 
pancreatitis.” 

Common locations for abscesses are as follows: the ante- 
rior or posterior subphrenic space on the right, Morison’s 
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pouch, pelvis, lesser sac, anterior paranephric space, left 
subphrenic space, pericolic space, ischiorectal fossa (Fig. 
5-22), and posterior paranephric space. A perivesical ab- 
scess is usually seen after bladder surgery. 

Renal and perirenal abscesses are discussed elsewhere 
(see Chapter 29). 


Acute Cholecystitis 


Gallstones are present in almost all patients with acute 
cholecystitis, but only 10% to 20% are visible on a radio- 
graph. The most sensitive and pathognomonic sign is intra- 
mural and/or intraluminal gas (emphysematous cholecysti- 
tis), an extreme form of acute cholecystitis (Fig. 5-23). 
An acutely inflamed gallbladder may perforate into either 
the peritoneal cavity or the small bowel. The latter condi- 
tion may result in acute bowel obstruction from gallstone 


FIGURE 5-22 e Ischiorectal fossa abscess. Gas projecting over the left 
obturator foramen (arrow) is too far lateral to be in the rectum. The 
differential diagnosis also includes an inguinal hernia, but absence of the 
soft tissue component argues against this diagnosis. 


impaction as the stone travels down the intestinal tract 
(gallstone ileus). Gas may be evident in the biliary system 
of patients with gallstone ileus.*° 


Intramural Gas 


Gas in the bowel wall is called “pneumatosis intestinalis” *” 


and commonly involves the sigmoid and descending colon 
(pneumatosis coli), although it may involve the small 
bowel and stomach (emphysematous gastritis). Causes are 
numerous and include necrotizing enterocolitis in chil- 
dren, intestinal obstruction, occlusion of the mesenteric 
vessels with bowel infarction, various types of intestinal 
bypass surgery, obstructive pulmonary disease, and pneu- 
momediastinum. Many cases of pneumatosis coli, especially 
in adults, are completely asymptomatic and benign (Fig. 5- 
24). 

Emphysematous cystitis (Fig. 5-25) is an acute bladder 


FIGURE 5-23 * Emphysematous cholecystitis. A plain abdominal radio- 
graph coned to the right upper quadrant reveals a gas-filled gallbladder. 
The patient was quite ill with right upper quadrant pain, sepsis, and signs 
of peritoneal irritation. Emergency cholecystectomy revealed a gangrenous 


gallbladder. 
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FIGURE 5-24 * Pneumatosis coli. A, Plain radiograph with a normal-appearing right colon but an unusual appearance of the splenic flexure and 
descending colon. B, Postevacuation radiograph after a barium enema. The collapsed lumen of the left colon is outlined by barium. Large blebs of 
intramural gas are present and impressing on the barium. The patient was relatively asymptomatic and was monitored over a period of years. The 
problem eventually resolved spontaneously. 


FIGURE 5-25 ° Emphysematous cystitis in a patient with diabetes and 
urinary tract infection with Candida albicans. 
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inflammation characterized by gas in the bladder wall.“ 
Occasionally, gas may be found within the bladder lumen. 
Almost all patients have diabetes. Curiously, this disease 
causes only minor symptoms of dysuria and frequency. 

Emphysematous pyelonephritis is discussed elsewhere 
(see Chapter 19), 


UNUSUAL GAS COLLECTIONS 


Gaseous radiolucencies are often seen in the soft tissues of 
the abdominal wall (Fig. 5-26). These lucencies are most 
commonly the result of surgery in which some air is 
trapped in subcutaneous tissue, or they may be due to 
chest tube placement or laparoscopy or may even follow 
laryngostomy. On occasion, these collections become large. 
If the radiolucencies are tangential to the x-ray beam, for 
instance, if they occur in the flank, they are easily identi- 
fied. On the other hand, if the air dissects through soft 
tissues of the anterior abdominal wall, it may cast confusing 
shadows. 

During the administration of epidural anesthesia, small 
amounts of air are injected through the needle until a 
“give” signifies that the epidural space has been reached. 
The injected air may dissect along the fascial planes of the 
dorsolumbar muscles and form streaky artifacts superfi- 
cially mimicking retroperitoneal emphysema.“ 

Gas may be seen in the biliary system after neocholedo- 
choduodenostomy or after gallbladder perforation into the 
intestine. Gas in the portal system may occur secondary to 
pneumatosis intestinalis and necrotizing enterocolitis. A 
benign form occurs in neonates with umbilical vein cathe- 
ters that find their way into the portal system.” 


Air is frequently found in the urinary tract in the pres- 
ence of indwelling catheters or nephrostomy tubes or after 
bladder and urethral instrumentation. In patients with cer- 
tain types of urinary tract diversion, gas reflux into the 
upper urinary tract system may occur. Prime examples are 
ureterosigmoidostomy (Figs. 5-27 and 5-28) and ileal loop 
diversion. The presence of gas in voided urine is called 
pneumaturia. Without a history of prior catheterization, 
such gas signifies either a gas-forming urinary tract infec- 
tion or a fistula between the urinary and gastrointestinal 
tract. Few things are more frightening to the patient than 
a sudden, unexpected appearance of gas at the end of 
micturition. 

Renal carcinoma, particularly if large, may show scat- 
tered radiolucencies after angioembolization, typically in 
the absence of acute infection.* This finding is similar to 
subcutaneous or intravascular gas formation in a dead fetus. 

A fresh vaginal tampon is seen as a radiolucent cylinder, 
usually pointing to the right or left lateral vaginal recess 
(see Fig. 5-62). Giant colonic (sigmoid) diverticula may be 
seen as unusual abdominal gas collections. 


CALCIFICATIONS 


The number and types of calcifications encountered in the 
abdomen are many. McAfee and Donner and Levine and 
colleagues have listed almost 200.44 ® All abdominal calci- 
fications consist of either stones, dystrophic calcifications, 
vascular calcifications, or heterotopic bone formation.” 
Urinary tract calculi, nephrocalcinosis, and other calcifi- 
cations of the urinary tract are addressed in detail else- 
where. Other common calcifications in the abdomen in- 


FIGURE 5-26 * Abdominal wall gas secondary to hypodermic injections. 
The patient is a 37-year-old woman with deep vein thrombosis. She had 
been self-administering injections of heparin into the anterior abdominal 
wall, which accounts for the streaks of air (arrows). A nasogastric tube is 
seen superiorly and a vaginal tampon inferiorly. 


FIGURE 5-27 « Gas reflux from the sigmoid colon into the renal collect- 


ing system in a patient with a ureterosigmoidostomy. 


clude vascular, biliary, prostatic, ligamentous, and soft 
tissue. 


Vascular Calcifications 


Arterial vascular calcifications are usually linear and occa- 
sionally parallel. Their distribution matches the expected 
distribution of the vessels (Fig. 5-29), although very tortu- 
ous vessels may attain a different anatomical position. The 
splenic artery is likely to be the first to calcify (Fig. 5-30). 
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Calcification in the abdominal aorta and iliac arteries may 
be best seen on left posterior oblique or lateral projections 
(see Fig. 5-52). In the presence of an abdominal aortic 
aneurysm (Fig. 5-31), ureteral (abdominal) compression 


hv an external devire is cantraindicated Therefore nara 
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should be exercised in scrutinizing the preliminary radio- 
graph for this disease. Vascular calcification is particularly 
pronounced in diabetics, in whom it may involve, for exam- 
ple, the uterine or testicular vessels or the branches of the 
renal artery, and is rarely encountered in nondiabetics 
(Fig. 5-32). 


FIGURE 5-28 ° Gas, calculus, and an intraluminal filling defect are seen 
in the right renal pelvis in a patient with a ureterosigmoidostomy. The 
filling defect proved to be a fungus ball. Note the gas in the dilated 


right ureter. 


84 +++ Techniques and Applications of Urological Imaging 


FIGURE 5-29 • Calcification of the dorsal penile arteries in a patient 
with diabetes mellitus. Also present are prostatic calcification and Paget's 
disease involving the left pubic bone. Cortical thickening, coarse trabeculae, 
and bone expansion are present and constitute the radiographic hallmarks 
of Paget’s disease. 


FIGURE 5-30 ° Heavy vascular atheromatous calcification involving the 
aorta and splenic artery. The splenic artery tends to become tortuous. 
Pronounced degenerative disease of the lumbar spine is also present. 
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FIGURE 5-31 ° Calcified abdominal aortic aneurysm. The left poste- 
rior oblique projection is usually the optimal view for demonstrating 


these aneurysms. 


FIGURE 5-32 ° Calcification of the intrarenal branches of the renal ar- 
tery. A plain abdominal radiograph demonstrates diffuse intrarenal vascular 
calcifications in a 60-year-old diabetic woman. Such extensive intrarenal 
calcification is unusual and generally indicates diabetes mellitus. 


86 +++ Techniques and Applications of Urological Imaging 


Renal and splenic artery aneurvsms (Fig. 5-33) are easily 
detected and should not be confused with cysts or neo- 
plasms of these organs. Smaller than 2 cm in diameter, 
calcified aneurysms are benign, are not expected to rup- 
ture, and usually require no treatment. Aneurysms may 
grow to an extremely large size (Fig. 5-34). 

Phleboliths (Fig. 5-35) are perhaps the most common 
intra-abdominal calcification.“ They may present difficul- 


FIGURE 5-33 ° Calcified left renal artery aneurysm (atherosclerotic). The 
lesion is located in the renal hilus and involves the main renal artery. 


ties when one is searching for a ureteral calculus. Charac- 
teristically, they are round and contain an eccentric radiolu- 
cent center (Fig. 5-36). Their distribution may be below 
the ischial spines. Nonetheless, urography or pyelography 
is usually necessary for unequivocal differentiation of 
phleboliths from stones. Noncontrast helical CT can usually 
make the distinction. By comparison with a prior examina- 
tion an unsuspected pelvic mass may be diagnosed by 


FIGURE 5-34 * Abdominal calcification secondary to a giant aneurysm of 
the splenic artery in a 74-year-old asymptomatic woman. 


FIGURE 5-35 ° Phleboliths are calcified thrombi within the pelvic veins. 
They present a diagnostic problem because on occasion differentiation from 
distal ureteral calculus is impossible. The typical pelvic phlebolith lies below 
the level of the ischial spines and has a laminated or “bull’s eye” appearance. 
In fact, however, they can occur almost anywhere and, at times, can be 
differentiated from ureteral calculi only by urography or retrograde studies. 


virtue of the fact that phleboliths have been displaced. 
Phleboliths may also appear in unusual locations, for in- 
stance, in the periureteral plexus of veins (see Fig. 5-43) 
or in the plexus pampiniformis. A cluster of phleboliths in 
an unusual location (e.g., abdominal wall) may indicate a 
hemangioma (Fig. 5-37). 

In infancy, an inferior vena cava thrombus may calcify, 
characteristically in the intrahepatic portion (Fig. 5-38). 
Pelvic veins may calcify after thrombophlebitis or radiation 
therapy (Fig. 5-39). 


Intraluminal Calcifications 


Gallstones are the most common visceral intraluminal calci- 
fications (Fig. 5-40). Found in all sizes and shapes, they 


FIGURE 5-36 ° Typical radiographic picture of multiple pelvic phlebo- 
liths. The phleboliths are clustered to either side of the pelvis and arranged 
in the distribution of the pelvic veins. Phleboliths tend to be round and 
fairly opaque, and they commonly measure 2 to 6 mm in diameter, although 
numerous exceptions occur. 


Abdominal Plain Radiography • e e 87 


exhibit different radiodensities and may layer and show a 
horizontal fluid-stone interface in the upright projection. 
Only 10% to 15% of all gallstones are sufficiently radio- 
paque to be seen on a plain radiograph.” Gallstones are 
usually laminated or may exhibit radiolucent fissures (Mer- 
cedes-Benz sign) (Fig. 5-41). Another rare but most 
dramatic condition, “milk-of-calcium bile,” exists in the 
presence of a calcium carbonate suspension composed of 
microscopic calcifications in liquid form. The milk-of-cal- 
cium layers can be seen in the erect or decubitus position.” 
One should always look for gallstones in the region of the 


, x . . . . 
common bile duct. Because of their characteristic location, 


gallstones are not often confused with urinary stones, but 

on occasion this distinction may prove challenging. 
Pancreatic calcifications are almost always associated 

with chronic pancreatitis (Fig. 5—42). These calcifications 
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FIGURE 5-37 * Cavernous hemangioma of the abdominal wall. A plain 
abdominal radiograph demonstrates numerous small, round radiopacities in 
the right midabdominal region. These radiopacities are phleboliths within 
a giant cavernous hemangioma of the anterior abdominal wall. (Courtesy 
of E. Darracot Vaughan, Jr., M.D.) 


FIGURE 5-38 • Calcified thrombus in the intrahepatic part of the inferior 
vena cava in an infant. (Courtesy of M.I. Boechat, M.D.) 
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FIGURE 5-39 ° Calcified iliac veins. Years earlier, this middle-aged 
woman had undergone pelvic radiotherapy for uterine carcinoma. A plain 
abdominal radiograph demonstrates dense calcification of the iliac and 
femoral veins bilaterally. The location of the calcification was proved by 


means of phlebography. 


FIGURE 5—40 « Gallstones. Multiple, faceted, similar-looking calcifica- 
tions are typical. Deposition of calcium bilirubinate around a cholesterol 
nucleus gives the gallstones a lucent center and a ring shape. 
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have a characteristic distribution starting from the C- 
shaped loop of the duodenum and extending toward the 
splenic hilus (Fig. 5-43), They are almost always intraductal 
(calcium carbonate) and less commonly occur in areas of 
fat necrosis (calcium hydroxyapatite). A pancreatic pseu- 
docyst is manifested as a mass, frequently shows rim calci- 
fication, and usually originates in the pancreatic tail. A 
similar appearance may occur with pancreatic cystadeno- 
carcinoma. Pancreatic calcifications in children are associ- 
ated with hereditary pancreatitis and cystic fibrosis.” 


FIGURE 5-41 « Gas-containing gallstones. A plain abdominal radiograph 
coned to the right upper quadrant reveals several gallstones with radiolucent 
centers (arrows). The triradiate appearance of the gas within the gallstones 
has given rise to what has been called the “Mercedes Benz” sign. (Courtesy 
of Thomas C. Beneventano, M.D.) 


An appendicolith is a fecalith (coprolith) found in the 
lumen of the appendix? (Fig. 5-44). This finding is almost 
always associated with acute appendicitis. Other fecaliths 
may be found in Meckel’s diverticulum (meckolith) or in 
other parts of the gastrointestinal tract (Figs. 5-45 and 5- 
46), 

Renal, ureteral, and bladder calculus disease are dis- 
cussed elsewhere. Suffice it to say that urinary tract calculi 
have a variety of radiographic appearances (Figs. 5-47 and 
5-48). The presacral area must always be scrutinized for 


FIGURE 5-42 e Pancreatic calcifications in a patient with chronic pancre- 


atitis. Most of the pancreatic calcification is intraductal. 
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FIGURE 5-43 + Coexistent pancreatic and venous calcification. A, Heavy 
pancreatic calcification is present. The calcific density to the right of the L5 
vertebral body could be a ureteral calculus. B, An excretory urogram in the 
same patient demonstrates no excretion by the right kidney, and ureteral 
calculus has not been excluded. C, A retrograde pyelogram excludes obstruc- 
tion. The calcific density is probably a phlebolith in the periureteral venous 
plexus or gonadal vein and not a ureteral calculus. Renal function is absent 
because of renal artery occlusion demonstrated on a subsequent angiogram. 
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FIGURE 5-44 * Very rare occurrence of a pelvic kidney harboring a 
calculus mimicking an appendicolith. 


FIGURE 5-45 * Large rectal fecalith forming around an exposed nonab- 
sorbable suture in a patient with a ureterosigmoidostomy. 


FIGURE 5—46 * Calculi in Meckel’s diverticulum. A plain abdominal ra- 
diograph of the pelvis demonstrates several laminated calculi overlying the 
sacrum (arrows). Originally, these calculi were thought to be within the 
lower urinary tract, but they eventually proved to reside within a Meckel 
diverticulum. (Courtesy of John Rawlings, M.D.) 


their presence because they are commonly missed in this 
site (Fig. 5-49). 

Occasionally a closed-off calyceal diverticulum contains 
crystals of calcium phosphate and, at times, calcium car- 
bonate. The condition is known as milk-of-calcium urine, 
and the crystals layer in such a manner that a fluid-fluid 
interface is seen on an upright or cross-table lateral projec- 
tion (Fig. 5-50). 


FIGURE 5—47 © An array of nine urinary tract calculi in the left kidney 
and ureter. A surgical gown snap overlies the sacrum. 
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Prostatic calcifications are very common (see Fig. 5-29). 
These calcifications are small intratubular calcific concre- 
ments that are usually asymptomatic but at times are asso- 
ciated with an inflammatory process. Most prostatic calci- 
fications occur between areas of adenomatous hyperplasia 
and the surgical capsule of the prostate. 


Parenchymal and Intramural Calcifications 


Extfraurinary 


Mesenteric lymph node calcification is the most common 
type of parenchymal calcification in the abdomen. Calcified 
nodes have a “popcorn” appearance and a characteristic 
distribution along the expected propagation of the mesen- 
teric root. Calcification of the retroperitoneal, porta hep- 
atis, retrocrural, and pelvic lymph nodes is rare. As is the 
case with other abdominal calcifications, calcified lymph 
nodes may be confused with renal or ureteral calculi. Tu- 
berculous mesenteric lymphadenitis may have a striking 
appearance (Fig. 5-51). 

Gallbladder wall calcification has a very characteristic 
appearance and is called “porcelain gallbladder” ” (Fig. 5- 
52). 

The liver is a common site for metastases (Fig. 5-53). 
Mucin-producing adenocarcinoma, particularly from the 
gastrointestinal tract, generates a psammomatous type of 
calcification. Curvilinear calcifications are seen in echino- 
coccal cysts™® *4 (Fig. 5-54). Other causes of liver calcifica- 
tions include tuberculosis, portal vein thrombosis, granulo- 
matous disease of childhood,” hepatoblastoma, abscess, 
aneurysm, and giant hemangioma.” 5 

Splenic parenchymal calcifications are common and usu- 
ally result from the healing of small histoplasmosis granulo- 
mas. Rare causes of splenic calcification are splenic cyst, 
splenic infarct (Fig. 5-55), brucellosis, hydatid disease (Fig. 
5-56), and old splenic hematoma. A splenic cyst may be 
confused with a splenic artery aneurysm (see Fig. 5-34). 

Adrenal gland calcifications are due to a variety of causes 
and may or may not be associated with an adrenal mass.” 

Text continued on page 99 
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FIGURE 549 © Multiple calculi in the bladder and the kidney in a 
patient with multiple sclerosis Right ureteral calculus is present just 
below the pehic mlet The ureteral caleulus is causing obstruction requir- 
ing a percutaneous nephrostomn hibe. The tip of a gastrostomy tube is 
seen on the left 


FIGURE 5-48 * Laminated kidney stone simulating a gallstone. The lami- 
nated appearance of this right upper quadrant calculus is suggestive of a 
gallstone. However, the stone was impacted in the ureteropelvic junction. 
It is not always possible to judge the origin of a calculus from its location 


or appearance. 


FIGURE 5-50 •» “Milk-of-calcium urine” in an obstructed calyceal diver- 
ticulum. A fluid-fluid interface is present on an upright lateral projection. 
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FIGURE 5-51 ° Calcified mesenteric lymph nodes. A, These large, densely calcified lymph nodes are secondary to tuberculosis. Some of the nodes 
are unusually large and demonstrate an amorphous type of calcification, which suggests underlying caseation necrosis. Calcified mesenteric nodes are a 
very common finding in abdominal radiographs. Such-large, nonuniformly calcified nodes, however, are uncommon. B, In a different patient, a string 
of four calcified mesenteric lymph nodes are aligned below a less dense large left renal calculus. 


FIGURE 5-52 * Porcelain gallbladder. An oval, egg-shaped calcification is 
seen to the right of the spine. The gallbladder is low because of marked 
scoliosis. Dense calcification of the abdominal aorta is apparent. 
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FIGURE 5-53 © Calofied liver metastases, The right upper quadrant FIGURE 5-54 ° Calcified echinococcal cyst of the liver. (Courtesy of 
calcification represents diffuse hepatic metastases from a primary carci- Barbara M. Kadell, M.D.) 

noma of the breast Calerfied liver metastases are usually associated with 

priman mucus-secreting timiors of the gastromtestinal tract 
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FIGURE 5-56 ° Calcification of the spleen secondary to Echinococcus dis- 
ease, 
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FIGURE 5-55 ° Splenic calcification secondary to sickle cell ane- 
mia. A, A 21-year-old man with diffuse splenic calcification second- 
ary to multiple splenic infarcts. The appearance in this case simu- 
lates that seen in thorium dioxide (Thorotrast) deposition, but the 
opacities are much denser with the contrast material. B, In another 
patient with the same disease, the spleen has atrophicd and is now 


only a fraction of its normal volume. Again, it ıs diffusely calcified. 
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FIGURE 5-57 ° Large calcified benign adrenal cyst with inferior displace- 
ment and flattening of the top of the kidney, as well as flattening of the 
inferior surface of the cyst. 


FIGURE 5-58 ° Rim calcification (arrowheads) in a left adrenal adenocar- 
cinoma. A large left adrenal mass is displacing the left kidney. 


Both neoplastic and benign diseases exhibit calcification, 
so this finding alone does not provide a definitive diagnosis. 
The differential diagnosis includes hemorrhage, tuberculo- 
sis, metastases, cysts (Fig. 5-57), neuroblastoma, Wolman’s 
disease, adenocarcinoma (Fig. 5-58), and rarely, pheochro- 
mocytoma. 

Uterine calcifications, particularly heavy and dense ones, 
are seen in uterine leiomyomas (fibroids) and are quite 
characteristic (Figs. 5-59 to 5-61). Ovarian cystadenoma 
and cystadenocarcinoma may contain amorphous calcifica- 
tion. Dermoid cysts usually have calcified elements (Figs. 
5-62 and 5-63), although they are more likely detected 
because they contain fat (Fig. 5-64). Fat within and outside 
the dermoid tumor may outline the fibrous capsule. Rare 
causes of calcifications in the female pelvis include lithope- 
dion (Fig. 5-65), endometriosis, pelvic inflammatory dis- 
ease, and torsion or calcification in the ovary. 


Urinary 


Calcifications involving the kidneys are numerous and are 
discussed in detail in the sections addressing specific dis- 
eases elsewhere in this book. Here, suffice it to say that 
the presence of calcification within a renal mass on a plain 
radiograph makes the diagnosis of renal carcinoma very 


y 


FIGURE 5-59 « Calcification in a small uterine leiomyoma. These 
growths can be some of the most dense calcifications in the body. Several 
phleboliths are also present. Myomatous calcifications may also be ring 


shaped. 
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FIGURE 5-60 * Calcified uterine fibroids. A plain abdominal radiograph 
of the pelvis demonstrates extensive calcification within large uterine 
fibroids. This appearance is considered to be typical of that associated 
with calcification in uterine fibroids. 


| an, Aiblersetteen cate. 28 
FIGURE 5-61 ° Calcified uterine fibroids. A plain abdominal radiograph 
demonstrates multiple huge calcified leiomyofibromas originating in the 
uterus. The densely and diffusely calcified masses have a characteristic 
appearance. Giant fibroids of this type sometimes nndergo malignant 
degeneration. 
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FIGURE 5-64 + Dermoid cyst of the ovary. This 36-year-old woman has 
a palpable pelvic mass. An abdominal radiograph demonstrates a rounded 
radiolucency in the pelvis attributable to a fat-filled dermoid tumor, in 
the center of which calcification is seen. Calcification in a dermoid cyst 
may have an amorphous appearance such as this, or it may resemble 
teeth. The fat. however, is characteristic of the cyst. 


FIGURE 5-62 * Ovarian teratoma. Rim calcification is present in a 
pelvic mass. A vaginal tampon is seen as a radiolucency pointing toward 
the right vaginal fornix. 


FIGURE 5-65 ° Lithopedion in a 21-year-old woman with a missed 
abortion. The fetus was never expelled. A plain pelvic radiograph demon- 
FIGURE 5-63 + “Teeth” in a dermoid tumor. Usually, more abundant strates calcification and a mummified fetus (arrows). At surgery the fetus 
fat is present in these tumors. was found to be lying free in the pelvic portion of the peritoneal cavity. 


Abdominal Plain Radiography »**-* 101 


“a 


w 


J 


h 


she 


x 


> 


26 


FIGURE 5-66 ° Curvilinear calcification in renal cell carcinoma. More 
often the calcification is flocculent and centrally located, but ring-shaped 
calcification in a renal mass represents malignancy in a significant percent- 
age of cases. (Courtesy of Thomas S. Mitchell, M.D.) 
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likely (Fig. 5-66). Other renal lesions that may exhibit focal 
areas of calcification include renal cyst, polycystic renal 
disease, echinococcal cyst, renal infarct, pyelonephritic scar, 
renal tuberculosis (Fig. 5-67), bilharziasis (schistosomiasis), 
renal adenoma, metastases from mucinous adenocarcinoma 
or osteosarcoma, subcapsular and intraparenchymal hema- 
toma, abscesses, amyloidosis of the renal pelvis,® aneu- 
rysms, and failed renal transplant (Fig. 5-68). Nephrocal- 
cinosis is diffuse parenchymal calcification most often 
involving the renal medulla and occasionally the cortex. 
This topic is discussed in detail elsewhere (see Chapter 61). 

Calcification of the vas deferens occurs mainly in patients 
with diabetes mellitus and has a characteristic parallel-track 
appearance® (Fig. 5-69). 

Calcifications may also be seen in conjunction with renal 
tuberculosis or bilharziasis. 

Intramural bladder and, occasionally, distal ureteral calci- 
fications are seen in patients with schistosomiasis® (Fig. 
5-70). Bladder tumors may also calcify.% © 


Calcifications in Muscles, Ligaments, and 
Cartilage 


Injection granulomas are the most common type of calcifi- 
cation found in the gluteal areas of the body (Fig. 5-71). 
They are the result of fat necrosis from inadvertent injec- 
tion into subcutaneous fat as opposed to gluteal muscle, 
and they have a rounded or popcorn appearance. Occasion- 


FIGURE 5-67 + Autonephrectomy in renal tuberculosis. The small ally, the residua of heavy metals such as mercury and 
scarred kidney is heavily calcified (“putty kidney”). arsenic (used to treat syphilis in the preantibiotic era) may 
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FIGURE 5-68 ° Autonephrectomy of a transplanted kidney. The dif- 
fusely calcified, shrunken allograft suggests that the kidney had become 
infarcted. 


be seen in the buttocks (Fig. 5-72). Calcified intramuscular 
hematomas (myositis ossificans), retroperitoneal hemato- 
mas, and calcified tuberculous psoas (Fig. 5-73) abscesses 
are occasionally seen. Calcification or ossification in the 
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FIGURE 5-69 + Heavy calcification of the vas deferens and seminal 
vesicles in a patient with diabetes mellitus. Although diabetes mellitus is 
the most common cause of vasal calcification, it may also occur in associa- 
tion with tuberculosis and schistosomiasis and in many cases without 
demonstrable cause. 


b aw 
FIGURE 5-70 ° Bladder wall calcification in a patient with schistosomia- 


sis. Bladder calcification may be seen in a variety of conditions, including 
tuberculosis, amyloidosis, and adenocarcinoma. 


anterior rectus sheath after laparotomy can be confused on 
occasion with renal calculi (Fig. 5-74). 

Ligamentous calcifications are seen in Cooper’s ligament 
(Fig. 5-75) and may resemble periosteal elevation over the 
upper margin of the superior ramus of the symphysis pubis. 
The sacrotuberous and sacrospinous ligaments may also 


calcify (Figs. 5-76 and 5-77). 


FIGURE 5-71 œ» Injection granulomas and abdominal aorta aneurysm. 
Injection granulomas are seen overlying the left iliac bone. A huge 
calcified abdominal aortic aneurysm is present. (Courtesy of Barbara M. 
Kadell, M.D.) 
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FIGURE 5-72 * Heavy metal injection. Multiple small me- 
tallic densities are scattered over the pelvis and hips. These 
densities represent the residua of heavy metal injections 
administered for the treatment of syphilis 35 years earlier. 


FIGURE 5-73 e Calcified tuberculous abscesses (“cold” abscess). A plain 
abdominal radiograph reveals bilateral paravertebral calcification represent- 
ing a tuberculous abscess in this 42-year-old man with tuberculous spondyli- 
tis (Pott’s disease) involving vertebral bodies T9 to T12. 
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FIGURE 5-74 © Ossified abdominal scar simulating renal calculus. A, An anteroposterior view of the abdomen demonstrates a hook-shaped opacification 
overlying the upper pole of the right kidney. B. A right posterior oblique view from an excretory urogram demonstrates the structure, which now has a 
stalactite configuration Ting anterior to the kidney. This density represented an ossified hematoma in the rectus sheath secondary to a previous 
laparotomy through a right paramedian incision. ‘Courtesy of Matthew S. Pollack, M.D.) 


FIGURE 5-75 ° Bilateral calcification in Cooper's ligaments (arrows). This 
finding is easily confused with calcification in the bladder or in the perito- 
neal reflection. Note the right femoral head prosthesis. 


FIGURE 5-76 ° Bilateral sacrospinous ligament calcification secondary 
to diffuse idiopathic skeletal hyperostosis (arrows). 


Soft tissue calcifications are commonly seen around the 
hip joints of paralytic patients and may become very promi- 
nent. Polymyositis or myositis ossificans may be associated 
with soft tissue calcifications (Fig. 5-78). 

Calcifications of the rib cartilage can be seen early in 
life, even in the third and occasionally as early as the 
second decade of life. They are a nuisance and sometimes 
mimic urolithiasis (Fig. 5-79). 


Intraperitoneal Calcifications 


Epiploic appendices may twist, lose their blood supply, 
detach from the omentum, and become loose in the perito- 


FIGURE 5-77 « Calcified sacrotuberous ligament. The right sacrotuber- 
ous ligament is extensively calcified and may in fact actually be ossified 
(arrow). Extensive arterial calcification and several phleboliths can be 
seen. Early calcification in the ligamentous tissues about the left ischial 
tuberosity is also apparent. 


FIGURE 5-78 ° Polymyositis with soft tissue calcification (calcinosis 
cutis). The multiple abdominal calcifications represent dystrophic soft 
tissue calcification, which is sometimes seen in this disease. 


neal cavity. On occasion, these fatty globules calcify and 
can be seen in different locations at different times within 
the abdomen. Similar but smaller are ringlike calcifications 
precipitating around globules formed from mineral oil, 
which half a century ago used to be instilled into the 
peritoneal cavity to prevent postoperative adhesions. 

A pedunculated fibroid or even an ovary may twist on 
its pedicle, infarct, calcify, and detach from its point of 
origin, free to meander through the peritoneal cavity as a 
calcified mass of puzzling origin (Fig. 5-80). 

A few conditions produce widespread calcification 
throughout the peritoneal cavity. Tuberculous peritonitis of 
long duration is a cause (Fig. 5-81), as is infestation with 


FIGURE 5-79 + Heavy costochondral cartilage calcification. Such calci- 


fication may interfere with visualization and detection of other calcifica- 
tions within the abdomen. 
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the tongue worm Armillifer armillatus, a parasite found in 
African pythons and other snakes (Fig. 5-82). 

Peritoneal metastases, especially from ovarian carci- 
noma, may calcify extensively. The lesions may involve the 
liver, the entire peritoneal cavity, and the omentum. Serous 
cystadenocarcinomas are most prone to extensive calcifica- 
tion and produce either the small psammomatous (Fig. 
5-83) or larger flocculent and diffuse types of calcification 


FIGURE 5-80 • “Wandering ovary.” A 13-year-old girl with an elliptical 
calcification in the pelvis is shown. The calcification was noted on many 
occasions and was rarely in the same location. At surgery, the right tube 
and ovary were found to be absent; the left was normal. The calcification 
represented an infarcted ovary, probably secondary to torsion. 


(Fig. 5-84). Multiple intraperitoneal phleboliths can be 
seen in patients with visceral hemangiomatosis and/or Klip- 
pel-Trenaunay-Weber syndrome. 


Calcified Hematomas and Abscesses 


Hematomas anywhere in the abdomen may occasionally 
undergo calcification (Fig. 5-85). Psoas abscess, particularly 


FIGURE 5-81 ° Tuberculous peritonitis. The numerous small calcifica- 
tions are attributable to small tuberculous granulomas studded on the 
peritoneal surface. 


FIGURE 5-82 * Calcified larvae of Armillifer armillatus. A plain abdomi- 
nal radiograph demonstrates multiple abdominal calcifications especially 
prominent over the liver. These C-shaped or comma-shaped calcifications, 
especially in the right upper quadrant, are typical of calcified larvae of the 


African tongue worm A. armillatus. 
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FIGURE 5-83 + Psammomatous calcification. This 60-year-old woman has 
small bowel obstruction secondary to diffuse peritoneal metastases from 
serous cystadenocarcinoma of the ovary. Multiple small opacities scattered 
throughout the abdomen and most prominently displayed to the right of 
the psoas muscle are attributable to small foci of a lightly calcified tumor 
that studded the peritoneal cavity. (Compare with Fig. 5-84.) 
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a “cold” abscess secondary to tuberculosis, may calcify (Fig. 
5-86). Calcifications may be found in soft tissues after a 
variety of surgical procedures, and some of these calcifica- 
tions represent calcified hematomas (Fig. 5-87). 


FOREIGN MATERIAL 


The abdomen is a mecca for a great variety of foreign 
material. Surgical clips, bowel staples, and wire sutures 
lead the way. Various metallic fragments, bullets, shrapnel, 
shotgun pellets (Fig. 5-88), and a variety of ingested metal- 
lic artifacts including coins, silverware, droplets of mercury, 
and bobby pins in the urethra and bladder are examples of 
some objects that because of their marked x-ray attenuation 
are usually apparent. 

Residual radiographic contrast material may be present 
after an examination. Barium may be retained in large 
bowel diverticula, the rectum (Fig. 5-89), or the appendix 
(Fig. 5-90) for a long time and rarely precipitates acute 
appendicitis. Extravasated barium from rectal perforation 
during barium examinations persists indefinitely and may 
be quite confusing (see Fig. 5-104). Old, oily myelographic 
contrast material is retained for years in the subarachnoid 
space. In the old days, ablation of renal cysts was accom- 
plished by percutaneous administration of oily myelo- 


FIGURE 5-84 ° Metastatic ovarian carcinoma. Diffuse peritoneal calci- 
fications are present in this 39-year-old woman with serous cystadenocarci- 
noma of the ovary. The pattern of calcification from ovarian peritoneal 
metastases varies widely from small psammomatous lesions (see Fig. 
5-83) to diffuse peritoneal calcification, as in this patient. Note how the 
calcifications extend over the peritoneal surfaces of the liver and spleen. 


FIGURE 5-86 * Calcified “cold” psoas abscess in tuberculosis of the 
spine. Marked deformity of the spine is present, including a gibbus. 
Myelographic contrast is seen in the thoracic spine. (Courtesy of R.H. 
FIGURE 5-85 * Calcified scrotal hematoma several vears after trauma. Gold, M.D.) 
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FIGURE 5-87 ¢ Calcifications in the pelvis after radical cystectomy. 
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graphic agents (Pantopaque); residual contrast material 
from that procedure may occasionally be seen (Fig. 5-91). 

Lymphangiographic oily contrast material is also retained 
in the lymph nodes and gradually disappears. However, 
traces may even be detected 5 or 6 years after obtaining 
the lymphangiogram. Oily contrast medium, if used for 
hysterosalpingography, may also be seen in the pelvis for 
many years (Fig. 5-92). 
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FIGURE 5-88 ° Shotgun pellets in the pelvis. 
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FIGURE 5-89 * Barolith in the rectum simulating vesical calculus. This 
28-vear-old man had an anal stricture and, after a barium enema, was 
unable to completely evacuate the barium. This abdominal film was taken 
3 weeks after the harinm study. 


Thorotrast, an early colloidal intravascular contrast agent 
that is no longer in use because of its carcinogenic poten- 
tial. is taken up by reticuloendothelial cells in the liver and 
spleen, where it may be seen for decades (Fig. 5-93). It 
can even be found in the kidneys as residual contrast from 
retrograde pyelography.® 

Vaginal tampons (see Fig. 5-62), pessaries (Fig. 5-94), 
diaphragms, and a diminishing variety of intrauterine con- 
traceptive devices are found (Fig. 5-95). Small symmetrical 


FIGURE 5-90 • Retained barium in the appendix several weeks after 
an upper gastrointestinal study. The patient is asymptomatic. 
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FIGURE 5-92 + Residual contrast material (Lipiodol) in the pelvis from 
previous hysterosalpingography. This patient had undergone a hysterosal- 
pingogram 8 years previously with Lipiodol used as the contrast agent. 
Now, many years later, the retained contrast material is still visible as a small 
collection either in a hydrosalpinx or possibly in a loculated intraperitoneal 
compartment. 


FIGURE 5-91 ° Contrast medium (Pantopaque) in a partially collapsed 
renal cyst. Once in the cyst the contrast remains unchanged for years. 
Renal cyst ablation with this particular agent has been largely abandoned 
in favor of alcohol or other sclerosing agents. 
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FIGURE 5-93 * Contrast material (Thorotrast) retained in the spleen. 
A plain abdominal radiograph demonstrates diffuse stippled opacification 
throughout the entire spleen. The opacities are extremely dense, consistent 
with the presence of metal. Note the similar opacification involving several 
regional lymph nodes. This composite picture is particularly pathognomonic 
for retained Thorotrast, and indeed, 20 years earlier at the age of 6 years, 


the patient had undergone cerebral angiography with Thorotrast as the 
contrast agent. 


FIGURE 5-94 « A vaginal pessary is used to add bulk to the vagina and thus prevent pelvic organ prolapse in women. They come in different sizes 
and shapes (A and B). 


rounded rings on cach side of the uterus are sometimes 
seen after tubal ligation (Fig. 5-96). Similar clips are occa- 
sionally scen in the scrotum after vasectomy. 

A variety of anti-incontinence and anti-impotence pros- 
thetic devices are encountered in male patients (Fig. 5-97). 
Even hollow metallic testicular prostheses have been used 


FIGURE 5-95 « Lost intrauterine device. The device (Copper-7) is clearly 
outside the normal-sized (by physical examination) uterus. 


at one time or another (Fig. 5-98). Battery-operated vibra- 
tors and other implements have been lost in the rectum 
(Fig. 5-99). 

Condoms filled with illegal drugs are occasionally seen 
within the intestine. Usually, the patient has acute small or 
large bowel obstruction or is treated for drug overdose 


FIGURE 5-96 * Fallopian tube occlusion rings and vaginal tampon. The 
two small, doughnut-shaped structures in the pelvis are fallopian tube 
occlusion devices (arrows) that were placed laparoscopically. The rectangu- 
lar, oblique radiolucency above the symphysis pubis represents gas in the 
vaginal tampon. 
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FIGURE 5-97 •Ħ Kaufman II anti-incontinence prosthesis. Two anchor- 
ing staples in each inferior pubic ramus are used to suspend a metallic 
cage with a silicon cushion on top. Extrinsic compression on the bulbous 
urethra helps maintain continence. This system is no longer in use. FIGURE 5-98 * An older version of a testicular prosthesis is shown. 


FIGURE 5-99 * Foreign body in the rectum. An abdominal radiograph 
shows a vibrator lost in the rectum. 
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FIGURE 5-101 ° Defibrillator. A plain abdominal radiograph demon- 
strates the presence of an automatic self-regulated ventricular defibrillator 
located subcutaneously in the left anterior abdominal wall. Stones are 
present in the right kidney and residual contrast material (Pantopaque) in 
the subarachnoid space. 


FIGURE 5-100 ° Acupuncture needles. This 56-year-old man lived most 
of his life in Vietnam. Numerous metallic foreign bodies are visible on this 
abdominal film exposed during an intravenous urogram. Their metallic 
densities, short lengths, and curvilinear configurations suggest that these 
densities are broken acupuncture needles located in subcutaneous tissue. 


FIGURE 5-102 « Lost surgical needle. A metallic curvilinear density is 
projecting over the left pubic bone. A lateral film confirmed that the needle 
is located in the retropubic space, where it was inadvertently left behind 


during prostatectomy. 


subsequent to condom rupture.® ® Broken acupuncture 
needles are occasionally seen, especially in immigrants 
from the Far East (Fig. 5-100). 

Most of the foreign material just described is easily 
detected and needs no further elaboration. However, two 
categories require further analysis. 


Foreign Bodies Related to Surgery or 
Interventional Procedures 


Surgical sponges or lap pads usually have a radiodense 
marker for easy identification. Battery packs and other 
hardware related to pacemakers and automatic defibrilla- 
tors are obvious in their abdominal locations (Fig. 5-101). 
Curvilinear metallic densities are most likely lost or broken 
surgical needles (Fig. 5-102). Eventually these foreign bod- 
ies may migrate considerable distances. Lost surgical 
clamps or needle holders are occasionally seen. Even drain- 
ing tubes, which look innocent enough in their expected 
positions, may have been lost in other parts of the body 
(Fig. 5-103). Ureteral double-pigtail stents may migrate 
from the bladder into the ureter and require ureteroscopic 
or cystoscopic retrieval (Fig. 5-104), may form a nidus for 
calcific deposits (Fig. 5-105), or may fracture spontane- 
ously (Fig. 5-106). Gianturco occlusive steel coils or con- 
trast-filled balloons used for vascular embolization are 
sometimes found in a part of the vascular system for which 
they were not intended. An inferior vena cava filter may 
be found in the suprarenal segment of the inferior vena 
cava, a position that is obviously undesirable (Fig. 5-107). 
During total hip replacement, orthopedic cement may leak 
into the pelvis through a defect created in the medial 
acetabular wall (Fig. 5-108). Radioactive seeds (Fig. 5-109) 
or brachytherapy sources (Fig. 5-110) are easily recog- 
nized, as is the characteristic appearance of ventriculoperi- 
toneal shunts (Fig. 5-111). 


“What Is That Density?” 


Frequently, radiopaque materials of varying densities, sizes, 
shapes, and numbers are seen in the abdomen and are 
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difficult to place in an appropriate anatomical location. 
These densities may be due to ingested food such as 
caraway seeds and chicken bones or medications such as 
tablets and vitamin caplets. Examples of pills and other 
medications that are radiopaque include iron, potassium 


FIGURE 5-103 • A drainage tube ‘arrow: was unintentionally left in 
the abdomen during an abdominal operation. A percutaneous nephros- 
tomy tube is in place because of right ureteral obstruction. A drain is in 
the pelvis and air is in the bladder. 


A 


FIGURE 5-104 « Retracted left ureteral stent. The distal end of a ureteral stent 
cannot be retrieved by simple cystoscopy. Either ureteroscopy or percutaneous 
extraction is necessary. The dense contrast material in the true pelvis is barium in 
the soft tissues from a rectal perforation during a barium enema study several years 
earlier. Vascular calcification is present, as well as a bone island above the left 
acetabulum. 
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FIGURE 5-105 * Complications of long-standing indwelling ureteral stents. A, Stone forming at the distal end of a double-pigtail ureteral stent. B, 


Different patient. Many stents have a string attached to the distal end that extends outside the urethra. The patient can void around the string without 
difficulty. and the stent can easily be renioved without need for an endoscopic procedure. In this patient the string served as a nidus for calcific deposits. 


FIGURE 5-106 ° Spontaneous fracture of a ureteral stent. Fragments of 
a broken “double-pigtail” stent are seen in the right kidney and proximal 
end of the ureter. Other broken fragments were removed cystoscopically, at 
which time a new “double-pigtail” stent was placed. Finally, a percutaneous 
nephrostomy tube was placed as a prelude to percutaneous extraction of 
the lost fragments. 
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FIGURE 5-107 ° Inferior vena cava filter. A plain abdominal radiograph 
demonstrates a filter (curved arrow) that is tilted to the right; this appear- 
ance suggests that it may be protruding into the right renal vein. Also seen 
on this film are bilateral renal calculi (arrows) and a bone graft (arrow- 
heads) between the transverse processes of L3 and LA. 


FIGURE 5-109 + Radioactive seeds in the prostate, which is now a com- 
mon primary treatment method for localized carcinoma of the prostate. 
Plain radiographs (as well as computed tomography) are used by radiation 
physicists for dose calculation. In this patient a part of the plastic needle 
applicator containing three seeds has broken off and is in the perineal 
soft tissue. 


FIGURE 5-108 * Cement used to secure the acetabular part of a hip 
prosthesis is seen in the pelvis, where it has displaced the ureter medially. 


FIGURE 5-110 * Brachytherapy radiation source applicator. A plain radio- 
graph of the pelvis reveals in situ applicators for the radium or cesium-137 
sources used in the treatment of carcinoma of the cervix or uterus. Two 
Fletcher ovoids are seen on either side of a slender intrauterine tandem 
source. An opacified Foley catheter is in the urinary bladder. (Courtesy of 
Beatriz Amendola, M.D.) 


FIGURE 5-111 ° Ventriculoperitoneal shunt in a child with meningomyelo- 
cele and a left renal calculus. A plain abdominal radiograph demonstrates 
an intraperitoneal tube originating in the cerebral ventricles and shunting 
cerebrospinal fluid to the peritoneum, where it is absorbed. The spinal 
defects attending meningomyelocele are evident in all vertebrae caudal to 
L2. Note also a small left renal calculus secondary to repeated urinary tract 
infections and a neuropathic bladder. 


iodide, Pepto-Bismol, and other bismuth-containing com- 
pounds. Some pills are covered by a thin layer of titanium 
oxide (Fig. 5-112). 

Jodine-impregnated suppositories—vaginal and various 
rectal suppositories—may be seen (Fig. 5-113). External 
or intracavitary iodoform gauze packing and tantalum mesh 
(Fig. 5-114) may also be noted on plain radiographs. 


Extraneous elements such as a skin fold (Fig. 5-115), a 
stoma bag. a smudge of contrast on the skin. clothing, print 
on T-shirts. or items in pockets mav cast peculiar shadows 
on the radiograph. 

Finally, peculiar radiopacities may be traced to contrast 
residua spilled on the top of the radiographic table, cas- 
sette and grid or to improper film handling in the dark- 


FIGURE 5-112 « A, Pills, urolithiasis, and gallstones. Four tablets are seen in the gas-filled antrum of the stomach. Several gallstones are visible in 
the right upper quadrant. A left renal calculus 1 cm in diameter (arrow) is also present but is difficult to recognize because of superimposed bowel gas. 
B, Same patient as in A. Four bladder calculi are clearly seen. Vascular calcification is also present in the left pelvis. A multitude of different radiopacities 
may present diagnostic difficulties, particularly in patients with urolithiasis. (Courtes of Barbara M. Kadell, M.D.) 
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FIGURE 5-114 ° Tantalum mesh in the anterior abdominal wall after 
FIGURE 5-113 + Confusing abdominal opacification produced by an closure of surgical wound dehiscence. (Courtesy of Barbara M. Kadell, 
iodine-containing rectal suppository (povidone). M.D.) 


FIGURE 5-115 « Air entrapment by dorsal skin folds. A plain abdominal 
radiograph performed with the patient in the supine position reveals a 
teardrop-shaped radiolucency superimposed on the spine. This appearance 
is attributable to air trapped between redundant skin folds at the patient's 


back. 
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room, for example, handling film with greasy or lotion- 
treated hands. 

The main inconvenience is that these densities may in- 
terfere with the proper recognition of urinary tract calculi 
and contribute to either false-positive or false-negative di- 
agnoses in all organ systems. Additional views, repeated 
examinations, or an alternative imaging examination may 
be required. 


SOFT TISSUE DENSITIES 


Radiodense Organs 


Radiodense Kidneys. The kidneys, which are normally of 
soft tissue density, may be more opaque than normal on a 
plain radiograph. Although various causes have been sug- 
gested for this appearance, including the presence of iron 
pigment (renal siderosis), the more likely explanation is 
that the patient has recently received intravascular contrast 
material. Under these circumstances, the appearance of 
radiodense kidneys on a plain radiograph should alert the 
physician to impending renal failure. A prolonged nephro- 
gram, which may linger for 48 hours, is a harbinger of 
contrast nephropathy. Oliguria and renal failure may fol- 
low. No more contrast material should be administered 
until the patient’s renal status has been normalized. 


Radiodense Liver. Rarely, the radiodensity of the liver may 
be increased in patients with hemosiderosis or hemochro- 
matosis.4 


Bowei Waii 


Occasionally, abnormal thickness of the bowel wall can be 
observed on a plain radiograph because the thickened 
valvulae conniventes or haustra are contrasted by intestinal 
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gas. The presence of Crohn’s disease or ulcerative colitis 
may be suspected on this basis. Similarly, the classic “apple- 
core” appearance of colon carcinoma may be an unex- 


pected finding on a plain radiograph (Fig. 5-116). 


Organomegaly 


Hepatomegaly. Liver enlargement is difficult to determine 
from plain radiographs unless the enlargement is gross 
because anatomical variations, relative position of the dia- 
phragm, and the patient’s habitus render any measure- 
ments impractical. Riedel’s lobe, more common in women, 
is a normal anatomical variant of the right liver lobe that 
extends inferiorly along the right flank as low as the pelvis. 


Splenomegaly. Measurements to determine spleen size on 
a plain radiograph are not commonly performed and are 
not even mentioned in standard textbooks on gastrointesti- 
nal radiology. It seems that a more precise estimation of 
size can be obtained with the use of ultrasound, nuclear 
medicine, or CT. Nevertheless, a spleen measuring more 
than 14 cm in the longest axis is abnormal. A grossly 
enlarged spleen may displace the fundus of the stomach 
medially and the left kidney anteromedially (Fig. 5-117) 
despite the fact that the spleen is an intraperitoneal organ 
and the kidney is a retroperitoneal organ. Occasionally, the 
left kidney may be displaced across the midline by an 


enormous spleen. 


Uterine Enlargement. A diamond-shaped soft tissue den- 
sity of the normal uterus is seen on 15% of plain abdominal 
radiographs in women. Inferiorly, it is outlined by the 
perivesical fat stripe and superiorly by the mesenteric fat. 
An enlarged uterus may be suggested on the plain radio- 
graphic examination, but fluid-filled loops of bowel may 
have a similar appearance. 


FIGURE 5-116 * Carcinoma of the colon detected on a plain abdominal radiograph. A, A plain abdominal radiograph reveals abnormal narrowing of 
the rectosigmoid (arrows). B, Barium enema examination confirms a long “apple-core” lesion of the sigmoid colon that proved to be adenocarcinoma. 
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FIGURE 5-117 ° Splenomegaly. Although the spleen is an intraperitoneal 
organ and the kidney is a retroperitoneal organ, the kidney may be displaced 
anteromedially by an enlarged spleen, as seen in this case. 


Soft Tissue Masses 


Most soft tissue masses in the abdomen are of “water 
density,” which means that x-ray attenuation differences 
between the mass and water (urine, cyst fluid, bile, spinal 
fluid) and parenchymal organs are so small (i.e., less than 
3%) that they cannot be recorded on a plain radiograph. 
Therefore, a mass can be detected only if it is contrasted 
by surrounding fat or air. 

On rare occasion, a very large fluid-containing structure, 
such as a large renal cyst or a giant hydronephrosis, when 
in immediate proximity to a homogeneous soft tissue struc- 
ture such as the liver, may be detectably radiolucent under 
optimal conditions of radiographic exposure.” 

Fat-containing masses, if large enough, may also be de- 
tected on a properly exposed radiograph. Fatty masses, 
which are recognized by their characteristic radiolucency, 
have already been mentioned in conjunction with dermoids 
of the ovary. Further examples of special interest to urolo- 
gists include angiomyolipomas and lipomas of the kidney 
and myelolipomas of the adrenal gland (Fig. 5-118). 

Abdominal wall masses protruding from the skin are 
easy to recognize because they are surrounded and con- 
trasted by atmospheric air and are therefore rendered 
visible. Examples include neurofibromas (Fig. 5-119), 
moles, stoma sites (Fig. 5-120), anterior wall hernias (Fig. 
5-121), and supernumerary nipples (Fig. 5-122). 

Internal soft tissue masses may arise from within any 
abdominal organ, the fascial layers, muscles, lymph nodes, 
and so forth. Usually they must grow to a rather large size 
before their presence can be detected. On a plain radio- 
graph a soft tissue mass may be detected as an abnormality 
in organ contour. For example, a bulge in the renal outline 
suggests a renal mass, whereas a bulge in the psoas muscle 
suggests a psoas tumor. 


The anatomical origin of the mass may also be judged 
by the direction of displacement of adjacent organs. An 
adrenal mass, for example, may displace the kidney in the 
caudad direction, whereas a primary retroperitoneal tumor 
may displace the kidney anteriorly and cephalad (Fig. 5- 
123). Sufficiently large masses may displace gas-filled loops 
of bowel, further pinpointing the likely site of origin. A 
mass originating in the right lobe of the liver should dis- 
place the hepatic flexure caudad, whereas a retrocecal 
appendiceal mucocele usually displaces the cecum in the 
anterior direction. 

The perivesical fat stripe is an important landmark in 
the pelvis. It represents fatty tissue on top of the bladder. 
A pelvic mass is differentiated from a full bladder if the 
perivesical fat stripe can be identified (Fig. 5-124). 

If abundant fatty tissue in the pelvis is discovered on a 
plain radiograph, one should suspect pelvic lipomatosis. In 
this condition, abundant fatty tissue may elevate the pros- 
tate and the bladder base and elongate the rectum” (Fig. 
5-125). 

Poor discrimination of x-ray attenuation differences be- 
tween various soft tissues on plain radiographs and the 
need to maximize radiographic recording of these differ- 
ences led to the development of modern radiographic con- 
trast materials and, ultimately, to the development of CT 
and magnetic resonance imaging. 


SKELETAL DISEASES 
Degenerative Changes 


Degenerative changes of the lumbar spine are common, 
and they increase with age.” Narrowing of the interverte- 
bral disc space, formation of osteophytic spurs, osteoscle- 

Text continued on page 127 


FIGURE 5-118 ° Radiolucency secondary to renal angiomyolipoma. A 
plain abdominal radiograph in this 47-year-old man demonstrates a large 
right upper quadrant mass. The radiolucent component (arrows) in the 
mass identifies it as containing fat and suggests the diagnosis of renal 
angiomyolipoma. This diagnosis was confirmed by computed tomography. 
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FIGURE 5-119 • Neurofibromatosis. An abdominal radiograph from an 
excretory urogram demonstrates numerous round soft tissue densities su- 
perimposed on the upper part of the abdomen. These densities are attribut- 
able to multiple neurofibromas on the anterior and posterior abdominal 
wall. 
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FIGURE 5-120 * Prolapsed ileostomy stoma. A plain abdominal radio- 
graph reveals an unusual soft tissue density projected over the right iliac 
bone (arrows). This density was attributed to a prolapsed ileostomy stoma. 
Note also the bilateral hip replacements and opacities attributable to injec- 
tion granulomas. 


FIGURE 5-121 ° Anterior abdominal wall hernia. A, Soft tissue mass projecting 
over the lower portion of the abdomen. The inferior part of the mass is well 
outlined by atmospheric air, but the superior portion is not (“incomplete wall 
sign”). B, A cross-table lateral view of the mass demonstrates the mass to be an 
anterior abdominal wall hernia. 
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FIGURE 5-122 * Supernumerary nipples simulating intra-abdominal cal- 
cification in a 35-year-old woman. A plain film of the abdomen demonstrates 
bilaterally symmetrical densities overlying the area of the renal collecting 
systems (arrows). 


FIGURE 5-123 ° A large retroperitoneal mass is in the left portion of the 
abdomen. The kidney is displaced in an anterior and superior direction. 
The mass was a large lymphocele from recent pelvic surgery. 
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FIGURE 5-124 * Perivesical fat outlines an empty bladder just below a 
large noncalcified pelvic mass. The mass is a large ovarian cyst. On a plain 
radiograph it is next to impossible to differentiate a soft tissue mass from a 
fluid-filled structure. The perivesical stripe is an important landmark that 
often enables separation of abdominal masses and ascites from a distended 


urinary bladder on a plain radiograph. 


FIGURE 5-125 » Pelvic lipomatosis. On this plain abdominal radiograph is evidence 
of very radiolucent tissue in the true pelvis, which in this case represents pelvic 
lipomatosis. Bilateral “double J” ureteral stents are in place. Because the distal ends 
of the stents are overlapping, we can surmise the relative position of the bladder base, 
ureteral orifices, and trigone. Both are clearly elevated by the fatty mass. Furthermore, 
the middle parts of both stents are too far lateral, thus suggesting that the ureters 
may be tortuous. Tortuous ureters signify ureteral dilatation seen in long-standing 
obstruction. Indeed, this patient had bilateral distal ureteral obstruction caused by 
massive pelvic lipomatosis. 


rosis, and narrowing of the facet joints and occasional 
“vacuum phenomena” in the disc space are the usual radio- 
graphic findings associated with the disease (Fig. 5-126). 
Sacroiliitis may be seen in short-bowel syndrome (Fig. 
5-127) and rheumatoid spondylitis. The intercostal and 
facet joints may also be involved. The earliest changes 
consist of irregularity of the sacroiliac joints attributable to 
patchy deossification. Later, sclerosis on both sides of the 
joint ensues. In advanced cases, complete obliteration and 
ankylosis of the joints can be seen. Ossification of the 
longitudinal spinous ligaments may result in a radiographic 
appearance called “bamboo spine” (Fig. 5-128). 


Spondylolisthesis and Spondylolysis 


Spondylolisthesis is anterior slippage of one vertebral body 
over another. It is usually associated with degenerative 
disc disease and degenerative disease of the facet joints.” 
Spondylolisthesis of L5 may be suspected if on the frontal 
radiograph the slipped vertebral body is superimposed on 
the sacrum; a characteristic appearance is produced, the 
inverted “Napoleon’s hat” sign. Otherwise, lateral and 
oblique projections are necessary. Also frequently associ- 
ated is disruption of the pars interarticularis of the poste- 
rior vertebral elements, a condition known as spondylolysis. 


Paget’s Disease 


Paget's disease is a condition consisting of a destructive 
bone process occurring in conjunction with a simultaneous 


FIGURE 5-126 * Vacuum disc. A plain abdominal radiograph demon- 
strates a radiolucency within the L4-5 narrow disc space. This radiolucency 
represents the “vacuum disc” (arrowheads) indicative of intervertebral disc 
disease. Note the abundant dense reactive new bone about the superior 


surface of L5. 
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reparative process. Several radiographic phases (destruc- 
tive, combined, sclerotic, and malignant) are recognized. 
The phase of the disease most commonly seen in the 
dorsolumbar spine and pelvis is the combined phase, in 
which bone destruction and reparation occur concomi- 
tantly. Classic radiographic findings in this phase are (1) 
coarsening of the bony trabeculae, which also become 
fewer in number; (2) thickening of the bony cortex; (3) 
bone expansion; and (4) bone deformity (Fig. 5-129). 

The earliest involvement of the pelvis is often at the 
iliopectineal line. In more pronounced cases, the pubis, 
ischium, or ilium is enlarged and its cortices thickened” 
(see Fig. 5-129). Few coarse trabeculae occur. Deforma- 
tion of the bone may be present in the form of acetabular 
protrusion (Fig. 5-130). Similar changes are seen in the 
proximal end of the femur. The remodeling changes in this 
bone have a distinct appearance called “shepherd’s crook” 
deformity. 

The vertebral body also enlarges and the thickened cor- 
tex causes it to have a “picture frame” appearance (Fig. 
5-131). Pedicles and spinous processes may also be in- 
volved. Coarse trabeculae are also present in hemangioma 
of the vertebral body, but this pathological condition is not 
associated with expansion or cortical thickening. 

In the sclerotic phase, the trabeculae are obliterated, 
and differentiating this disease from osteoblastic bone me- 
tastases becomes difficult. Occasionally, osteoblastic metas- 
tasis may occur in bone already involved with Paget's dis- 
ease, which makes the diagnosis of malignancy exceedingly 
difficult. Malignant transformation to osteogenic sarcoma 
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FIGURE 5-127 « A, Sacroiliitis. A baseline radiograph in a patient with short-bowel syndrome demonstrates mild bone reabsorption around the right 


sacroiliac joint. Moderate liver enlargement has also occurred. B, Several years later, dense sclerotic changes are present at both sacroiliac joints, 
predominantly on the iliac side. 
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FIGURE 5-128 « Ankylosing spondylitis. An abdominal radiograph in a middle-aged 
man reveals diffuse calcification involving the longitudinal ligaments of the lumbar spine 
with partial obliteration of the sacroiliac joints—the classic appearance of a “bamboo 
spine.” (Courtesy of Murray K. Dalinka, M.D.) 


FIGURE 5-129 • Paget's disease. A plain radiograph demonstrates diffuse 
involvement of the pelvis by Paget’s disease. Note the increased bone 
density throughout the pelvis accompanied by pronounced cortical thick- 
ening and accentuation of trabecular markings throughout the involved 
bones. The involvement ends abruptly at the acetabula, the femurs being 
uninvolved. The asymmetry of the pelvis is probably attributable to bone 
softening—a frequent accompaniment of Paget’s disease—with resulting 
early protrusion of the right femoral head into the acetabulum. 
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FIGURE 5-130 * Paget's disease involving the left hemipelvis. In addition 
to cortical thickening, a coarse trabecular pattern, and bone expansion, 
acetabular protrusion has involved left hip. 


and fibrosarcoma is an uncommon but well-known compli- 
cation of Paget’s disease.” 


Osteoblastic Metastases 


The most common osteoblastic metastases are from carci- 
noma of the prostate (Figs. 5-132 and 5-133) in males 
and carcinoma of the breast in females. Prostatic cancer 
produces pure osteoblastic change in 80% (Fig. 5-134), 
mixed osteoblastic and lytic change in 15% (Fig. 5-135), 


and pure lytic disease in 5% of cases.” Many other carcino- 
mas and lymphomas are capable of producing various de- 
grees of osteoblastic reaction (Fig. 5-136). Metastases may 
be solitary, multiple, or diffuse (Fig. 5-137). Obliteration 
of the trabecular pattern occurs gradually, and the inner 
cortical margin becomes unidentifiable once the con- 
trasting marrow fat is totally replaced. A solitary metastasis 
may be seen in the pedicle of the vertebral body or in the 
vertebral body itself (ivory vertebra). Diffuse metastases 
may involve every bone visible on the radiograph. Differen- 
tiation from other benign or malignant osteosclerotic dis- 


FIGURE 5-131 ° Paget's disease seen on a lateral projection of the lumbar 
spine. Bone expansion, cortical thickening, and coarse trabeculation are 
diagnostic of this disease. 


FIGURE 5-132 « Diffuse osteoblastic metastases 
tatic carcinoma. A cystogram has been performed. 


in a patient with pros- 
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FIGURE 5-133 * Metastatic prostate carcinoma: various exam- 
ples. A, Diffuse blastic involvement of the left hemipelvis with 
focal blastic nodules to the right and in the last two lumbar 
vertebrae. The sacrum and both femurs are also involved. Note 
that in contrast to Paget’s disease, no evidence of cortical thick- 
ening or accentuation of the trabecular pattern is present. The 
bones are not enlarged. B, Unusually severe involvement of the 
left ilium and ischium. The tumor extends beyond the bone 
and begins to encroach on the left sacral foramen. Extensive 
involvement has occurred elsewhere. C, Mixed lytic and blastic 
metastases are present. In addition to areas of increased bone 
density, small punched-out radiolucencies can be seen in both 
femurs and in the pubic bones. 
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FIGURE 5-134 ° Another patient with diffuse osteoblastic metastases 
from carcinoma of the prostate. 


FIGURE 5-135 * Mixed osteoblastic and osteolytic metastases from carcinoma of 
the prostate. Pathological fracture has occurred in the proximal femoral shaft, where 
a predominantly lytic lesion is present. 


FIGURE 5-136 ° Osteoblastic bone metastases in a patient with malignant 
pheochromocytoma. Unlike Paget’s disease, individual trabeculae are not 


discernible, bone expansion is absent, and the cortex is not thickened. 


eases may occasionally be difficult. Renal carcinoma is 
almost always osteolytic, only exceptionally producing other 
varieties of metastasis.” 


Osteosclerotic Bone Diseases 


Many benign and malignant osteosclerotic bone disorders 
may mimic osteoblastic bone metastases and must be con- 
sidered when, for example, a patient with a prostatic carci- 
noma undergoes staging. 


Bone Island. A bone island is compact cortical bone within 
cancellous bone” (Fig. 5-138). It usually has margins 
sharper than those of metastases (Fig. 5-139). The best 
way to differentiate a bone island from metastasis is to 
consult a past radiographic examination to see whether the 
lesion was present at that time. Skeletal scintigraphy reveals 
no abnormal uptake in bone islands, although enhanced 
uptake is usually seen in patients with osteoblastic skeletal 
metastases. 
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Myeloftbrosis. This progressive fibrosis of the bone marrow 
is associated with osteosclerosis, anemia, leukemoid disor- 
der, and splenomegaly and is usually seen in patients older 
than 50 years.® The pelvis and spine are commonly in- 
volved, and splenomegaly is generally very pronounced. 
Normochromic normocytic anemia, immature leukocytes, 
and red blood cells are present on the smear. 


Tuberous Sclerosis. Patients with this familial disease also 
have epilepsy, adenoma sebaceum, and frequently, mental 
retardation. Renal angiomyolipoma is one of many types of 
benign hamartomas involving several organs that may be 
seen in this condition. Solitary or multiple osteosclerotic 
focal areas are detected mostly in the spine and pelvis. 
Calcifications may be found in the brain, next to the lateral 
ventricles. 


Vertebral Hemangioma. A vertebral hemangioma may be 
confused with an ivory vertebra caused by osteoblastic 
metastatic disease (prostate, lymphoma) or Paget's disease. 
Coarse trabeculae may resemble those seen in Paget's dis- 
ease, but they usually have a vertical orientation (“cordu- 


FIGURE 5-137 * Osteoblastic prostatic metastases. A plain radiograph of 
the pelvis demonstrates an unusual configuration of metastatic lesions. They 
are sharply demarcated, very dense, different in size, and separated by 
large areas of relatively normal-appearing bone. 
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FIGURE 5-138 ° Bone island in a lumbar vertebral body. This island 
was also found on a 10-year-old radiographic study, which helped exclude 
osteoblastic metastasis. 


roy’). Unlike Paget’s disease, bone expansion and cortical 
thickening are not features.” 


Mastocytosis. An abnormal proliferation of tissue mast 
cells occurs in this disorder, which may involve a number 
of organs, including the bone marrow. Its cutaneous mani- 
festation is known as urticaria pigmentosa. The spectrum 
of osteosclerotic bone changes ranges from mild trabecular 
thickening to diffuse bone involvement.* 


Fluorosis, Fluorosis is a response of bone to overfluori- 
dated drinking water.** The symptoms are mild when com- 
pared with the extensive and pronounced osteosclerosis. 
Large osteophytes and ligamentous calcifications may de- 
velop. 


Osteoid Osteoma. A painful benign bone tumor, osteoid 
osteoma is radiographically characterized by a central radi- 
olucent nidus surrounded by a varying amount of reactive 
osteosclerosis.* Osteosclerosis may be the dominant part of 
a tumor and may obscure the nidus and mimic osteoblastic 
metastasis. 


Osteitis Condensans Ilii. A triangular area of osteosclerosis 
involves bone on the ileal side of the sacroiliac joint in this 
disorder.** This condition is found in the female population, 
is thought to represent an aftermath of childbirth, and has 
no clinical significance. Association with the paraglenoid 
sulcus was recently described® (Fig. 5-140). The paraglen- 
oid sulcus is a groove found in the iliac bone just below 
sacroiliac joint. It is also found almost exclusively in 


women. Deeper grooves are found in parous women. The 
groove is probably caused by bone reabsorption at the 
insertion site of the anterior sacroiliac ligament. 


Other Diseases. Numerous additional diseases may cause 
a localized or diffuse increase in bone density and include 
osteopetrosis,*° osteopoikilosis,*° hypervitaminosis D, idio- 
pathic hypercalcemia, and Ewing’s sarcoma (Fig. 5-141). 


Osteolytic Metastases 


Osteolytic metastases are relatively radiolucent in compari- 
son to bone because normal bony matrix is replaced by 
tumor growth (Fig. 5-142). The axial skeleton, ribs, and 
pelvis are all common sites for metastases. Overlapping 
gas radiolucencies from the bowel may render detection 
difficult. Discontinuity, cortical loss, scalloping of the inner 
cortex, loss of bony trabeculae, and an absent pedicle” 
(Fig. 5-143) or spinous process are the radiographic find- 
ings. Renal carcinoma (Fig. 5-144), transitional cell carci- 
noma (Fig. 5-145), carcinoma of the urethra, renal and 
retroperitoneal sarcomas, and occasionally, carcinoma of 
the prostate and carcinoma of the seminal vesicle are the 
urinary tract sources of osteolytic bone metastases. Renal 
carcinoma metastases have an occasional tendency to ex- 
pand bone outwardly and are at times found in the cortex 
(Fig. 5-146). Pathological fractures are possible and usually 
involve the proximal end of the femur or pelvis. Diffuse 


FIGURE 5-140 ° Osteitis condensans ilii and paraglenoid sulci. A triangu- 
lar area of sclerosis has involved the iliac side of both sacroiliac joints. This 
“condensed” bone is thought to represent changes caused by childbirth. 
Also, deep grooves are present in both iliac bones just lateral to the 
sacroiliac joint. These paraglenoid sulci are the result of bone reabsorption 
at the insertion site of the anterior sacroiliac ligaments. These sulci are 
seen almost exclusively in women and deepen with childbirth and, possibly, 
lordotic posture. 
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FIGURE 5-141 +» Ewing’s sarcoma arising from the right pubic bone, 
which shows a heterogeneous osteoblastic response. A large noncalcified 
soft tissue component of the tumor is displacing the contrast-filled rectum 


and bladder. 
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FIGURE 5-142 + Multiple osteolytic bone metastases involving the left 
hemipelvis and proximal end of the femur. 


FIGURE 5-143 + Renal cell carcinoma in the hilar region of the left 
kidney. A solitary metastasis is located in the right pedicle of the L2 verte- 
bra. 


FIGURE 5-144 * Large osteolytic metastasis from renal cell carcinoma. 
Most of the left ilium and part of the sacrum are involved. Metastases from 


renal carcinoma are usually hypervascular. 


osteoporosis or the presence of multiple lucencies in the 
pelvis is seen in multiple myeloma (Fig. 5-147). 


Osteitis Pubis 


In the acute stage, osteitis pubis is characterized by intense 
and incapacitating pain over the symphysis pubis.* °? Oste- 
itis pubis usually follows pelvic surgery or transurethral 
prostatectomy and is thought to be ischemic in origin. 
Treatment is bed rest and empirical administration of anti- 
biotics. During the acute stage, rarefaction of the pubic 
bone occurs on each side of the symphysis (Fig. 5—148A). 
After healing has taken place, the radiolucent appearance 
of bone rarefaction is replaced by varying degrees of os- 
teosclerosis (see Fig. 5-148B). 


FIGURE 5-145 * Osteolytic bone metastasis from transitional cell carci- 
noma destroying the left pubic bone. The bone destruction is attributable 


to direct tumor extension. 
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Avascular Necrosis of the Femoral Head 


This entity is associated with a number of diseases (Fig. 
5-149), but in uroradiological practice it is likely to be seen 
in renal transplant patients receiving corticosteroid therapy. 
The process is thought to represent vascular infarction, 
possibly venous, and results in osseous necrosis. The earli- 
est findings are osteosclerosis and a radiolucent subcortical 
band (rim sign)® under the weight-bearing area of the 
femoral head. Collapse of the cortex, fragmentation, and 
sclerosis are late findings.” Magnetic resonance imaging is 
the examination of choice for early detection.” 


Bladder Exstrophy-Epispadias Complex 


In this condition, a wide gap is seen at the symphysis 
pubis, and the iliac notch is “squared” (Fig. 5-150). Lesser 
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FIGURE 5-146 ° Renal cell carcinoma. Osteolytic metastasis is seen in the femoral 
cortex. 


A 
FIGURF 5-147 * Multiple myeloma. A. A pehic radiograph demonstrates multiple small radiolucencies throughout the iliac bones, sacrum, pubic 
rami, and chia in this 41-vear-old man with multiple myeloma. Residual contrast medium (Pantopaque) is seen in the subarachnoid space. B, In this 
far-advanced myeloma. involvement of the entire pelvis by plasma cell infiltration has resulted in total loss of the trabeculae and innumerable large lytic 


defects producing a “bubbly” appearance. This picture is very unusual. (B courtesy of Alan J. Davidson, M.D.) 
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FIGURE 5-148 + Osteitis pubis. A, Osteitis pubis is characterized initially by bone reabsorption at the symphysis. B, Same patient as in A. Osteosclerosis 
of varying degrees is seen after healing has taken place. 


FIGURE 5-149 + Aseptic necrosis of the 
femoral heads. This 42-year-old man with 
Crohn’s disease had been taking steroids 
for several years. A plain radiograph of the 
pelvis demonstrates narrowing of both hip 
joints, bone irregularity at each femoral 
head, and increased bone density, all indic- 
ative of aseptic necrosis, probably related 
to steroid use. 
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degrees of exstrophy or epispadias are associated with less 
pubic separation® (Fig. 5-151). An interpubic distance 
greater than 1 cm is considered abnormal. Cleidocranial 
dysostosis must be considered in the differential diagnosis 
(Fig. 5-152). Rarely, symphyseal diastasis may be a normal 
finding or may be associated with other anomalies. 


Spina Bifida 


Incomplete fusion of the posterior neural arches, usually 
involving the lower lumbar vertebra, is called spina bifida. 


FIGURE 5-150 * Wide gap between the pubic bones in a patient with 
bladder exstrophy. The entire pelvis has a somewhat “squared” appearance. 
A high urinary pouch and bilateral percutaneous nephrostomies are present. 
In epispadias, the interpubic space is also widened, but usually less than 
in exstrophy. 


If the fusion defect is small and asymptomatic, the entity 
is known as spina bifida occulta” (Fig. 5-153; see also Fig. 
5-17). Large defects may be associated with meningomye- 
locele and tethered cord (Fig. 5-154). The meningomyelo- 
cele may be seen as a soft tissue mass. 


Diseases of the Sacrum 
The sacrum is almost always seen on a plain radiograph, 


although it may be partly obscured by the overlapping 


bowel. The common primary neoplasm involving the sa- 


FIGURE 5-151 ° Epispadias. Note the wide separation of the symphysis 
pubis in this 5-year-old boy with epispadias. Epispadias and exstrophy are 
associated with this defect, although it tends to be less severe in the former. 
The upper limit of normal for the intersymphyseal distance is 1 cm. 
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FIGURE 5-152 « Cleidocranial dysostosis in a 17-year-old male. A, An anteroposterior radiograph of the pelvis demonstrates separation of the pubic 
bones. Although this condition is sometimes confused with extrophy on pelvic radiographs, the two conditions are unrelated. Cleidocranial dysostosis is 
an autosomal dominant disorder associated with multiple bone abnormalities, including failure of normal ossification of the cartilage forming the os 
pubis. Note in this case the lack of normal flaring of the iliac crests. The sacral iliac joints are not widened. B, A posteroanterior radiograph of the 
chest in the same patient reveals bilateral absence of the clavicles. The clavicles may be totally or partially absent in this condition. 


FIGURE 5-153 ° Spina bifida occulta. This 31-year-old woman has spina 
bifida at L5-S1. A partial segmentation anomaly of the distal end of the 
lumbosacral spine (transitional vertebra) makes it difficult to identify the 
bifid vertebra as L5 or S1. 
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crum is a chordoma, which is manifested as an osteolytic 
destructive process! (Fig, 5-155). Other tumors of the 
sacrum are rare (Fig. 5-156). Sacral agenesis has a charac- 
teristic appearance in which the iliac bones fill the void. 
Associated deformities of other bones may be present. 
Sacral agenesis may be total or partial. In either case, 
neuropathic disease of the bladder may be associated with 


itl. 1 (Fig, 5-157). 


FIGURE 5-154 * Meningomyelocele and staghorn calculus. A plain ab- 
dominal radiograph demonstrates the typical spinal deformity seen with 
meningomyelocele. The interpediculate distances are widened at L4 and 
L5, and some posterior elements of the vertebral bodies are missing and/ 
or incompletely formed. Also present is a large left staghorn calculus. The 
patient had a neuropathic bladder. 


Postoperative Changes 


Skeletal changes resulting from surgery are of some impor- 
tance to both the urologist and radiologist. Prior surgery 
on the kidney can be suspected if the 12th rib has been 
resected (Fig. 5-158). Some periosteum is almost always 
left behind, and linear, new bone formation may ensue. 

A spectrum of changes are seen after laminectomy. Ei- 


FIGURE 5-155 * Chordoma in a 52-year-old man. An abdominal plain 
film demonstrates a large midline bony defect in the sacrum secondary to 
chordoma. The appearance is very suggestive, if not typical of this lesion. 
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FIGURE 5-156 ° Epithelioid tumor involving the sacrum. Sacral tumors may be 
difficult to detect because of the overlying bowel contents. 


FIGURE 5-157 © Partial sacral agenesis. A plain pelvic radiograph reveals 
absence of the distal sacral segments. The upper part of the sacrum is 
present, and the spacing between the iliac bones is relatively normal. 
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FIGURE 5-159 + Laminectomy defect and posterior spinal fusion. A 
plain abdominal radiograph demonstrates surgical loss of the posterior 
vertebral elements of L4-5. Bone grafts have been inserted bilaterally to 
bridge L3-4 and L4-5. Droplets of residual contrast material (Pantopaque) 
are seen in the caudal sac. Large laminectomy defects such as these are 
no longer frequently encountered since the development of new surgical 
techniques that do not require removal of the vertebral laminae. 


FIGURE 5-158 © Prosious left nephrectomy Note the resection of the 
left 12th rib. When this finding is encountered. it usnally suggests prior 
renal surgen This patient had undergone Jett nephrectomy for calcu- 


lous disease 


FIGURE 5-161 * Peculiar bone defects after bladder neck suspension 
for urinary stress incontinence. The defect is caused either by the needle, 
which is used to deliver the suspension suture from the anterior abdomi- 
nal wall to the vagina, or by the suture itself. 


FIGURE 5-160 © Resection of the svmphysis pubis during radical pros- 
tatectomw. Such a detect is rarely found and suggests a difficult intraopera- 
tive exposure. An osteoblastic metastasis is also present in the right is- 
chium. 


FIGURE 5-162 * Holes were inadvertently punctured in both 
pubic bones during placement of suspension sutures for blad- 
der neck suspension. Also note the sclerotic changes at each 
end of the pubic bones, which are compatible with old healed 
osteitis pubis. 


ther only several chips are taken from the inferior margin 
of the lamina (usually unilaterally), the lamina is missing 
(hemilaminectomy or laminectomy), or the lamina and the 
spinous processes are absent. These findings may involve 
only one or several posterior arches (Fig. 5-159). 

Posterior spinal fusion has a very characteristic appear- 
ance. Masses of trabecular bone are seen along the poste- 
rior arches. The spinous processes are no longer visualized 
because they have blended into the added bony mass. The 
ilium will have gaps and deformities in areas where bone 
chips were harvested. Fusion may also be performed along 
the transverse processes (see Fig. 5-107). 

The symphysis pubis may be resected during prostatec- 
tomy or urethral reconstruction, and a wedge defect may 
be left that can be seen on radiographs (Fig. 5-160). A 
peculiar defect is occasionally seen at the superior margin 
of the pubic bones after the Pereyra urethral suspension 
operation for urinary incontinence (Fig. 5-161). Occasion- 
ally, such a defect will produce a hole in the pubic bone 
(Fig. 5-162). 
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CHAPTER 6 


Excretory Urography 


EXCRETORY UROGRAPHY IN 
THE ADULT 


RICHARD M. FRIEDENBERG 
RONALD D. HARRIS 


The number of excretory (intravenous) urograms per- 
formed nationally has decreased sharply over the past 15 
years.’ * This trend has paralleled the increased use of 
computed tomography (CT) and ultrasound as new meth- 
ods of triage before considering the intravenous urogram. 
Ultrasonography is generally used as the initial study for 
determining the presence or absence of a kidney, identi- 
fying moderate to severe hydronephrosis, and localizing 
masses and determining their nature (cystic or solid). More 
recently, ultrasound and magnetic resonance imaging 
(MRI) have been used for the follow-up of transplanted 
kidneys and even for evaluating interstitial diseases. CT is 
frequently used as the first study in patients with significant 
renal trauma and for evaluating the extent of renal masses, 
a function previously performed by renal angiography. CT 
also excels in evaluation of patients with renal infection 
and infarction. 

MRI has had an impact on abdominal imaging, particu- 
larly imaging of the liver, gynecological organs, and bladder. 
MRI has less spatial resolution than CT, and motion arti- 
facts are frequent because of the long imaging times. Fast 
scanning is useful in vascular problems but provides poorer 
images for general use. However, MRI provides excellent 
contrast, which can be altered by varying the amount of TI 
and T2 weighting inherent in a given set of images. MRI 
also presents the potential for metabolic assessment of 
organs, a capability not available with other modalities. The 
advent of fast scanning, our current ability to measure flow, 
and our future ability to measure perfusion, diffusion, and 
other parameters will increase the importance of MRI in 
abdominal imaging. A more recent change has been the 
introduction of fast spiral (helical) CT. Many authors have 
shown that a “CT contrast urogram” can be rapidly ob- 
tained by reconstruction and will show in exquisite detail 
the pyelocalyceal ureteral system. Such imaging, although 
it requires the use of sophisticated equipment, is becoming 
routine. However, this modality will further restrict use of 
the urogram.** As of this writing, the urogram still remains 
the primary modality for visualization of the pyelocalyceal 
system and ureter in continuity, primaril 7 in patients with 
calculi and renal infection but not for a mass lesion or in 
those with gross hematuria. Several articles have suggested 
that spiral CT reconstruction will demonstrate obstructive 
lesions more often than the urogram,* * and many uroradi- 
ologists prefer CT to urography for evaluating infection. 
The fact is that over the next few years the number of 


urograms will continue to decline. Table 6-1 is a personal 
assessment of CT, MRI, and ultrasonography in the evalua- 
tion of renal pathology at the time of this writing.” Patients 
with gross hematuria require a CT or ultrasound to visual- 
ize the renal parenchyma, in addition to a urogram or 
retrograde pyelogram to visualize the renal collecting sys- 
tem and ureters. 


EXCRETORY UROGRAPHY 


Within this section we use the term urogram to refer to 
visualization of the kidney parenchyma, calyces, and pelvis 
after the intravenous injection of contrast media. The term 
pyelogram is reserved for retrograde studies visualizing 
only the collecting system. The commonly used colloquial 
term intravenous pyelogram should really be intravenous 
urogram. Intravenous pyelogram is a contradiction in ter- 
minology because it links an intravenous injection with a 
pyelogram, the latter relating to retrograde injections. The 
term cystography is used to describe visualization of the 
bladder, whereas urethrography refers to visualization of 
the urethra and cystourethrography to the combined study. 
Additional terms include antegrade pyelogram for percuta- 
neous puncture of the collecting system and injection of 
Opaque contrast material, percutaneous nephrostomy for 
the insertion of a tube into the renal pelvis, and antegrade 
or retrograde seminal vesiculography for visualization of 
the seminal vesicles and vas deferens. (A discussion of 
these specialized examinations can be located by using 
the index.) 


Preparation of Patient 


It is never necessary to postpone an urgent examination to 
prepare a patient for a urogram. Considerable differences 


TABLE 6-1 ¢ Evaluation of Renal Lesions 


Type or Location of 


Lesion CT Ultrasound MRI Urogram 

Masses [7 2t 3 

Calculi ] 2 3 l 
CM junction 2 3 ] 4 
Calyces and pelvis 1 3 2 1 
Abscess, central l 24 2 4 
Abscess, perinephric l 2 2 4 
Hydronephrosis 2 l 3 l 
Ureter 2 3 2 l 


°] represents the most information, 4 the least. 
Simplest method, frequently used first, although it may provide less detail. 
CM = corticomedullary. 
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FIGURE 6-1 ° A, A 3-minute film of a urogram after 100 mL of contrast medium. The pelvis and calyces are distended, but contrast is poor. B, A 


25-minute film. Osmotic diuresis has decreased; contrast is now excellent. 


of opinion have been voiced on the value of catharsis and 
dehydration in preparing patients for excretory urography.® 
Recent articles have confirmed that in active healthy outpa- 
tients, food or liquid restriction or the administration of 
laxatives has little if any value.” è In sedentary elderly 
inpatients who may have large amounts of air and feces in 
their colon, laxatives and mild fluid restriction may be 
of value.® 


Catharsis 


Conventional enemas are not desirable because they are 
inadequate for colon cleansing and frequently leave resid- 
ual fluid and air that detract from the examination.® Cathar- 
sis is recommended in sedentary elderly patients as de- 
scribed in the previous section. Castor oil is an effective 
cathartic agent administered in a dose of 1 to 2 oz. Many 
satisfactory proprietary medications (e.g., X-Prep, Dulco- 
lax) can be substituted for castor oil. In older or sedentary 
patients it is frequently advisable to use a suppository in 
addition to oral catharsis. Some proprietary distal colon 
enema preparations are quite effective in cleaning the 
distal end of the bowel and can be used in place of the 


suppository. 


Dehydration 


Most uroradiologists believe that with modern contrast 
media, overhydration should be avoided but dehydration is 
unnecessary. Infants and young children should never be 
dehydrated before the examination. 

Dehydrated patients are more prone to intrarenal ob- 
struction leading to oliguria or anuria from protein precipi- 
tation (Tamm-Horsfall, Bence Jones) in the renal tubules. 
Dehydration increases the risk of renal shutdown in renal 
failure, particularly in diabetics with mild to moderate 


azotemia. Dehydration in infancy may lead to renal vein 
thrombosis. The rationale for the use of dehydration is that 
it stimulates the production of antidiuretic hormone, which 
in turn increases water reabsorption in the distal nephron, 
thereby increasing contrast density in the collecting system. 
This effect is rarely accomplished by overnight abstinence 
from fluids, and in practice, dehydration has not proved to 
be of significant value.° 

In some instances, evaluation of early contrast films may 
show normal volume within the calyces with poor contrast 
density. This appearance may be related to overhydration 
or osmotic diuresis caused by the hyperosmotic effect of a 
large dose of contrast material. Later films may show im- 
proved contrast as the diuresis decreases (Fig. 6-1). If, on 
the other hand, the initial contrast film shows thin, poorly 
filled, spidery calyces resulting from low volume and insuf- 
ficient contrast medium, a second injection of contrast to 
increase diuresis and contrast density is suggested (Fig. 
6-2). A usual compromise for patients scheduled in the 
early morning is to omit fluids after 11:00 pm and to omit 
breakfast, which decreases the chance of vomiting, as well 
as produces slight dehydration. For patients examined later 
in the day, a light breakfast is usually advisable. 

Overhydration interferes with the quality of the examina- 
tion. A patient who arrives in the radiology department 
with an infusion in place frequently demonstrates poor or 
no visualization of the collecting system, although renal 
function is normal. In such patients, significant slowing of 
the infusion while waiting 30 minutes frequently solves the 
problem (Fig. 6-3). Collecting system opacification may be 
further enhanced by reinjection of contrast material (see 
Fig. 6-2). 


Technique 
Plain Abdominal Radiograph (Scout Film) 


The previous chapters have described the value of the 
scout film and have discussed contrast media. It is impossi- 
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FIGURE 6-2 ° A, Thin, spidery calyces with poor density and filling of 
the collecting system after the initial injection of a contrast bolus. B, A 
second bolus of 50 mL of contrast medium was injected and produced 
sufficient diuresis to distend the collecting system and increase contrast 


density. 


FIGURE 6-3 ° A, A patient with an intravenous infusion in progress received 100 mL of contrast matenal (60% Conray The diuresis dilutes the 
contrast medium, and visualization of the pyelocalyceal system is poor. B, Reinjection with 50 mL of 60% Conray 1 how after termination of the 
infusion provides excellent visualization of the pyelocalyceal system. 
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FIGURE 6—4 « A, A plain radiograph reveals two calculi in the distal end of the left ureter. B, Contrast material in the urogram completely obscures 


the calculi. No evidence of obstruction is seen. 


ble to place too much emphasis on the importance of 
obtaining a scout film of the abdomen before injecting any 
contrast media. Careful analysis of the scout film often 
provides considerable information and frequently indicates 
the probable diagnosis. In many cases the urogram may be 
misleading without a scout film. Some of the primary uses 
of the scout film are described in the following list (for 
detailed discussion and illustrations, see Chapter 5): 

1. Calculus. Suspicious calculus seen on the scout film 
may not be seen in any of the postexcretion films. 
Calculi do not always cause obstruction. If a suspi- 
cious calcification is suggestive of calculus, it may be 
worthwhile to take an obliaue flm to check whether 
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FIGURE 6-5 * Exstrophy of the bladder in an 18-month-old boy. The 
bony pelvis is incomplete anteriorly, and the symphysis pubis is widely 
separated. 


it is located within the area of the kidney or ureter 
(Fig. 6—4). Oblique films are not helpful, however, for 
suspicious calculi that lie within the true bony pelvis. 


2. Skeletal abnormality. Congenital abnormalities such 


FIGURE 6-6 * An opaque calculus in the distal end of the left ure- 
ter (arrow). Secondary ileus involving primarily the small intestine was 
present. 


as exstrophy, absence of the abdominal muscles, and 
spinal deformities provide clues to abnormalities that 
may be present in the urinary tract (Fig. 6-5). Meta- 
bolic changes in bone may suggest specific lesions 
such as rickets and assist in the diagnosis. Other major 
findings such as skeletal metastases may be visualized. 

3. Intestinal gas pattern. Ileus or obstruction may ex- 
plain the symptoms. Ileus is frequently associated 
with renal pain (Fig. 6-6). 

4. Calcifications. The location and nature of the calcifi- 
cations may provide strong indications regarding 
whether infection, vascular abnormalities, tumor, or 
metabolic diseases are present (Fig. 6-7). 

5. Abdominal masses. A mass may be seen more clearly 
on the scout film and may suggest special views to 
elucidate its nature in the urogram. 

6. Foreign bodies. Opaque foreign bodies noted in the 
scout films may influence the type of examinations 
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performed. The scout film should be a requirement 
in every urogram. 


Contrast Media 


The amount of contrast medium administered varies with 
the method of administration. Table 6-2 illustrates the 
common ionic contrast media available today, the usual 
dose administered for a bolus injection, and the grams of 
iodine per 100 mL injected. The newer (dimers and non- 
ionic) contrast media that are becoming available are dis- 
cussed in Chapter 4. Nonionic contrast media are described 
in Table 6-3. Many reports suggest a lesser incidence of 
reactions with these newer media, partly because of their 
lower osmolarity.'° Contrast density may be slightly im- 
proved as well. A major increase in the use of nonionic 
media has been noted, but the higher cost of nonionic 


FIGURE 6-7 • Findings encountered on a preliminary abdominal radiograph. A, Nephrocalcinosis secondary to lupus erythematosus. B, Calcification 
of the right adrenal gland, post-trauma. C, Scout film showing densely calcified kidneys in a patient with renal failure and oxalosis. The entire renal 
parenchyma is calcified. D, Fine calcifications bilaterally in the vascular structures of both kidneys with minimal calcification of the aorta in a patient 
with hypertension. Intrarenal arterial calcification is most commonly seen in byperparathyroidism, diabetes mellitus, and hypertension. 
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TABLE 6-2 * lonic Contrast Media 


Viscosity 


Generic Percentage lodine Osmolality —— — 
Name Cation in Solution Trade Name (mg/mL) (mOsm/kg) 25C 37°C _ Size and Availability 


Iodamide Meglumine 24* Renovue-Dip Ill 433 1.8 1.4 300-mL B 
Iothalamate Meglumine 30” Conray 30 14] 600 2.0 1.5 50-mL V 
100-mL V 
150-mL B 
200-mL B 
300-mL B 
Diatrizoate Meglumine 30* Hypaque, 30% 141 633 1.92 1.43 100-mL B 
300-mL B 
Diatrizoate Meglumine 30* Reno-M-Dip 14] 566 1.9 1.4 300-mL B 
Diatrizoate Meglumine 30* Urovist 141 640 1.9 1.4 300-mL B 
Meglumine 
DIU/CT 
Diatrizoate Meglumine 25* Hypaque, 25% 150 696 1.55 L.17 300-mL B 
Iothalamate Meglumine 43° Conray 43 202 1000 3.0 2.0 50-mL V 
100-mL V 
150-mL B 
100-mL B 
Diatrizoate Meglumine 60 Angiovist 282 282 1400 6.1 4.1 50-mL V 
100-mL V 
150-mL V 
Iothalamate Meglumine 60 Conray 282 1400 6.0 4.0 20-mL V 
30-mL V 
50-mL V 
100-mL V 
100-mL B 
150-mL B 
200-mL B 
Diatrizoate Meglumine 60 Hypaque, 60% 282 1415 6.16 4.10 20-mL V 
30-mL V 
50-mL V 
100-mL V 
100 mL in 200-mL B 
150 mL in 200-mL B 
200 mL in 200-mL B 
Diatrizoate Meglumine 60 Reno-M-60 282 1500 4.6 4.0 10-mL V 
30-mL V 
50-mL V 
100-mL V 
100-mL B 
150-mL B 
Diatrizoate Sodium, 8% 60 Angiovist 292 292 1500 5.9 4.0 30-mL V 
Meglumine, 52% 50-mL V 
100-mL V 
Diatrizoate Sodium, 8% 60 MD-60 292 1539 6.2 5.0 30-mL V 
Meglumine, 52% 50-mL V 
Diatrizoate Sodium, 8% 60 Renografin-60 292 1420 5.9 4.0 10-mL V 
Meglumine, 52% 30-mL V 
50-mL V 
100-mL V 
100-mL B 
Diatrizoate Sodium 50 Hypaque, 50% 300 1550 3.43 2.43 20-mL V 
30-mL V 
50-mL V 
150 mL in 200-mL B 
200 mL in 200-mL B 
Diatrizoate Sodium 50 MD-50 300 1522 3.2 2.4 30-mL V 
50-mL V 
lodamide Meglumine 65 Renovue-65 300 1558 8.7 5.7 50-mL V 
300-mL B 
Diatrizoate Sodium 50 Urovist 300 1550 3.3 2.4 50-mL V 
Sodium 300 
Diatrizoate Sodium, 29.1% 57.6 Renovist II 309 1517 5.6 3.8 30-mL V 
Meglumine, 28.5% 50-mL V 
Iothalamate Sodium 54.3 Conray 325 325 1700 4.0 3.0 30-mL V 
50-mL V 
Diatrizoate Meglumine 76 Diatrizoate 358 1980 15 9.2 50-mL V 
meglumine 
USP, 76% 
Diatrizoate Sodium, 10% 76 Angiovist 370 370 2100 13.8 8.4 50-mL V 
Meglumine, 66% 100-mL V 
150-mL B 
200-mL B 


TABLE 6-2 * lonic Contrast Media Continued 
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Generic 
Name 


Diatrizoate 


Diatrizoate 


Diatrizoate 


Diatrizoate 


Diatrizoate 


Iothalamate 


Iothalamate 


Diatrizoate 


lothalamate 


*Contrast medium used for infusions. 


Cation 


Sodium, 10% 
Meglumine, 66% 


Sodium, 10% 
Meglumine, 66% 


Sodium, 10% 
Meglumine, 66% 


Sodium, 35% 
Meglumine, 34.3% 
Sodium, 25% 
Meglumine, 50% 
Sodium 


Sodium, 26% 
Meglumine, 52% 


Sodium, 30% 
Meglumine, 60% 
Sodium 


B = bottle; V = vial. 
From Fischer HW: Catalog of intravascular contrast media. Radiology 159:561-563, 1986. 


Percentage 
in Solution 


76 


76 


76 


90 


80 


Trade Name 


Hypaque-76 


MD-76 


Renografin-76 


Renovist 


Hypaque-M, 75% 


Conray 400 


Vascoray 


Hypaque-M, 90% 


Angio-Conray 


lodine 
(mg/mL) 


370 


370 


370 


400 


462 


480 


Osmolality 
(mOsm/kg) 


2016 


2140 


1940 


1900 


2105 


2300 


2400 


2938 


2400 


TABLE 6-3 « Nonionic Contrast Media 


Viscosity 


25C 37°C 


13.34 8.32 


14.7 9.1 


12.69 


17.0 9.0 


34.7 19.50 


14.0 9.0 


Size and Availability 


30-mL V 
50-mL V 
100-mL V 


100 mL in 200-mL B 
150 mL in 200-mL B 
200 mL in 200-mL B 


50-mL V 
100-mL B 
150-mL B 
200-mL B 

20-mL V 

50-mL V 
100-mL B 
200-mL B 

50-mL V 


20-mL V 
50-mL V 
25-mL V 
50-mL V 
25-mL V 
50-mL V 
100-mL B 
150-mL B 
200-mL B 
50-mL V 


50-mL V 


Generic 
Name 


Iohexol 
lopamidol 


Tohexol 


lopamidol 


Iohexol 


loxalglate 


Iohexol 


Iopamido! 


B= bottle; V 


Dimer 


Sodium, 19.6% 
Meglumine, 39.3% 


= vial. 


Percentage 
in Solution 


38.8 
40.8 


51.8 


61 


64.7 


58.9 


75.5 


76 


Trade Name 
Omnipaque 
Isovue-M 200 


Omnipaque 


Isovue-300 


Omnipaque 


Hexabrix 


Omnipaque 


Isovue-370 


lodine 
(mg/mL) 


180 
200 


240 


300 


300 


320 


350 


370 


From Fischer HW: Catalog of intravascular contrast media. Radiology 159:561-563, 1986. 


Osmolality 
(mOsm/kg) 


4ll 


413 


504 


616 


709 


600 


862 


796 


25°C 


2.81 


4.43 


10.35 


18.50 


Viscosity 
37°C 


2.05 


3.3 2.0 


3.08 


8.8 4.7 


6.77 


15.7 7.5 


11.15 


20.9 9.4 


Size and Availability 


10-mL V 
20-mL V 
20-mL V 
50-mL V 
10-mL V 
100-mL V 
200-mL B 
20-mL V 
50-mL V 
100-mL B 
200-mL B 
10-mL V 
30-mL V 
50-mL V 
100-mL V 
20-mL V 
30-mL V 
50-mL V 


100 mL in 150-mL B 
150 mL in 150-mL B 
200 mL in 250-mL B 


50-mL V 
100-mL V 
200-mL B 

20-mL v 

50-mL V 
100-mL B 
200-mL B 


FIGURE 6-8 Ħ* Nephrogram obtained during a cardiac angiogram. The intensity of the nephrogram is directly proportional to the iodine level in the 
plasma. A, Nephrogram obtained soon after injection of a large bolus of contrast material into the heart. B, Nephrogram obtained after the injection of 
a second bolus a few minutes later. Note that both nephrograms are very intense, with the second nephrogram more intense because of the added 


bolus of contrast material. 
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Time (Minutes) 
FIGURE 6-9 ° Plasma concentrations of sodium diatrizoate after single 
injections of increasing doses. The larger the dose, the higher the plasma 
level of contrast medium and the better the nephrogram. (From Catell 


WR, Fry IK, Spencer AG, Purkiss P: Excretory urography: Factors de- 
termining excretion of Hypaque. Br J Radiol 40:561, 1967.) 
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FIGURE 6-10 * Comparison of plasma levels of contrast medium after 
bolus and infusion injections. Rapid injections produce higher peak 
plasma levels. (From Catell WR, Fry IK, Spencer AG, Purkiss P: Excre- 
tory urography: Factors determining excretion of Hypaque. Br J Radiol 
40:561, 1967.) 


contrast media has limited their universal use in urogra- 
phy. Although side effects are significantly decreased 
with nonionic media, evidence on comparative mortality 
rates is limited.’* '” Pretesting does not provide reliable 
information regarding sensitivity to contrast media and is 
therefore not performed before the injection, as described 
in Chapter 4. 

The dose of contrast is variable, depending on patient 
size and the radiologist’s preference. A dose of 200 mg of 
iodine per pound of body weight is an average adult dose, 
which in most patients means a dose of between 20 and 
30 g. It is not usually necessary to exceed a dose of 30 g 
of iodine, except for very large patients. Most injections of 
contrast medium are performed by rapidly injecting the 
contrast as a bolus with either one or two 50-mL syringes. 
In most cases, a butterfly 18-gauge needle is inserted into 
the antecubital vein and the syringe connected to the 
tubing. In some cases, smaller needles may be needed if 
smaller veins are used. Injection is usually completed 
within 60 seconds. Both pros and cons are associated with 
rapid versus slow injection of contrast medium. Rapid in- 
jection (less than 60 seconds) leads to a better nephrogram 
and perhaps more contrast per unit of urine. However, 
rapid injection also increases the incidence of minor reac- 
tions such as nausea and vomiting. Slow injection (2 to 3 
minutes) decreases side effects but provides a less dense 
nephrogram. Ideally, the injection should be completed by 
2 minutes. The density of the nephrogram relates directly 
to the plasma level of contrast media.'* More injected 
iodine increases the density of the nephrogram (Figs. 6-8 
and 6-9). Large doses of contrast medium increase diure- 
sis, which distends the collecting system and, by increasing 


FIGURE 6-11 ° Diuresis second- 
ary to drip infusion of contrast. A, 
Distention of the collecting system 
and ureter obtained in a patient 15 
minutes after drip infusion. B, Same 
patient at a different time with 
urography performed by the bolus 
technique. Note the poorer visual- 
ization of the ureters and relative 
lack of filling of the collecting sys- 


tem 
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volume, usually increases the diagnostic usefulness of the 
urogram. Although the bolus injection, as described earlier, 
is the most commonly used method, certain variations may 
be helpful. Occasionally, on early films in a patient not in 
renal failure, the collecting system may appear spidery and 
poorly filled; in patients who have poor concentrating abil- 
ity or who are overhydrated, the diuresis may dilute the 
contrast. In the former situation, a higher dose of contrast 
medium increases contrast, whereas in the latter a smaller 
dose of contrast improves visualization of the pyelocalyceal 
system (see Figs. 6-1 and 6-3). A method of examination 
that was popular around 20 years ago and is sparsely used 
in some institutions today is the drip infusion technique. 
This method is a convenient way of delivering large doses 
of contrast material over a prolonged time. Infusion kits 
may be purchased that contain 40 to 45 g of iodine deliv- 
ered in 250 to 400 mL of fluid. Advantages of drip infusion 
over bolus injection are as follows: 

1. The nephrogram is markedly prolonged (not more 
intense) (Fig. 6-10). 

2. Enhanced diuresis from the additional contrast mate- 
rial and water volume more fully distends the collect- 
ing system and ureters (Fig. 6-11). Relatively rapid 
distention of the urinary bladder may also contribute 
to this increased fullness of the ureters, renal pelvis, 
and calyces. 

3. The collecting system is visualized for a longer time 
and thereby provides more flexibility in filming. 

4. Ureteral compression may not be necessary because 
excellent ureteral visualization is frequently obtained 
(see Fig. 6-11). 


5. Administration is easy. 
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FIGURE 6-12 « A, Drip infusion of contrast in a patient with a low, fixed specific gravity results in poor visualization of the collecting systems because 
of an inability to concentrate the contrast medium. B, In the same patient at a subsequent date after the administration of a bolus of 50 mL of contrast 
medium with compression, excellent visualization of the collecting systems was achieved. 


Disadvantages of drip infusion include the following: 

l. It overloads a normal patient with more iodine than 
necessary. 

2. Calyceal blunting may be produced and suggest ab- 
normal dilatation (see Fig. 6-11). 

3. Drip infusion may lead to pyelosinus extravasation 
and significant pain in patients with partial obstruc- 
tion. 

4. The increased diuresis produced may decrease visual- 
ization if a low fixed specific gravity is present (Fig. 6- 
12). 

5. Drip infusion may occasionally produce congestive 
heart failure in patients with borderline cardiac de- 
compensation. 

6. An initial vascular nephrogram is not obtained. 


m 


Filming Technique 


Filming technique has recently been reviewed in detail by 
Hattery and associates at the Mayo Clinic.!® The object is 
to obtain satisfactory contrast and spatial resolution, which 
is accomplished by using relatively low kilovoltage and high 
milliamperage. The kilovoltage range is usually 65 to 75 
kV, and the milliamperage ranges from 600 to 1000 mA, 
which allows an exposure of less than 0.1 second in aver- 
age-sized patients (approximately 80 msec) (Fig. 6-13). In 
children, exposures should not exceed 50 msec. Tomo- 
graphic technique should also use low kilovoltage (60 to 75 
kV) to emphasize contrast. A tube arc of 20 to 30 degrees 
will provide a relatively thick section of 0.3 to 0.4 cm. In 
uncooperative patients, exposure time must be decreased 


FIGURE 6-13 » The disadvantage of high kilovoltage. A, Exposure at 70 kV. B, Exposure at 110 kV. The 70-kV film provides much better contrast of 
the renal parenchyma, collecting system, and ureters, with improved definition of these anatomical structures. 


and kilovoltage therefore increased. Screen-film combina- 
tions are used at the discretion of the radiologist and 
usually reflect personal preferences regarding contrast and 
latitude, as well as cost considerations. All modern film 
systems for abdominal radiology should incorporate the 
advantages of appropriate screens that permit more rapid 
exposure (and thus lower radiation doses) without signifi- 
cant loss of detail. Computed radiography plates may be 
substituted for standard film-screen systems. Direct digital 
now allows “direct capture” and thus obviates both conven- 
tional radiography and computed radiography systems.'* 


Filming Sequences 


Many variations in filming sequence are acceptable.” Nor- 
mally, contrast material is excreted rapidly and the calyces 
are visualized within 2 minutes. The sequence of filming 
should allow for visualization of the nephrogram, early and 
late visualization of the collecting system, visualization of 
the ureters, and then “tailoring” of the examination ac- 
cording to the clinical history and findings in the early 
images. In our institution, a usual schedule for adults is 
the following: the patient is placed supine and a 14 X 17 
in. film or image is obtained with the symphysis pubis 
positioned 2 or 3 inches above the bottom of the film. 
After viewing the scout film and the 3-minute film after 
contrast injection, a compression device is placed over the 
sacrum to compress the ureters (Figs. 6-14 and 6-15). 
Compression should not be used if ureteral calculi, ob- 
struction, recent surgery, nephrostomy, severe hyperten- 
sion, or an abdominal aneurysm is strongly suspected. 

Compression applied too tightly may result in forniceal 
rupture and contrast extravasation, but these complications 
are usually of no clinical significance. After injection, our 
sequence is as follows (Figs. 6-16 and 6-17): 
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. 1-minute film: 10 X 12 in., renal area 

2. 3-minute film: 14 X 17, abdomen (followed by ure- 
teral compression)” 

3. Three tomographic sections of the renal area (10 X 
12) taken immediately after the 3-minute film, usually 
at 8 cm through 10 cm from the posterior abdominal 
wall (in patients older than 40 years) 

4. 10-minute film: 14 X 17, supine, immediately after 
release of compression 

5. 20-minute film: 14 X 17, supine 

6. 20-minute film: 14 X 17, prone 

The examination should always be tailored to answer 

specific questions suggested by the patient’s symptoms or 
the referring physician’s clinical findings. On this basis, the 
number of films can frequently be reduced, particularly 
once the problem has been identified. Tomograms of 20 to 
30 degrees are used routinely in all patients older than 40 
years, selectively in patients between 20 and 40, and rarely 
in those younger than 20 years. In the average patient, 
tomograms are obtained 8, 9, and 10 cm from the tabletop. 
In heavier patients, the sections may be 9 through 11 cm, 
and in thin patients, 7 through 10 cm. These levels may 
vary with individual tomographic units. A nomogram based 
on anteroposterior abdominal thickness has been devel- 
oped.” In practice, tomography significantly increases the 
recognition of renal masses, fine renal calcifications, and 
perinephric and paranephric structures (Figs. 6-18 to 6- 
20). The tomograms should be obtained immediately after 
injection to ensure an optimal nephrogram. If calyceal 
filling and nephrograms are to be seen, tomography at 3 to 
5 minutes may be obtained. At this point, all the films 
obtained should be reviewed to determine whether any 
special views are required. If the examination is a repeat 
study performed for a specific purpose, it should be tai- 
lored to answer the questions at issue rather than repeat 
Text continued on page 163 
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FIGURE 6-14 ° A, A 3-minute film with compression of the ureters. Compression distends the proximal ends of the ureters and the pyelocalyceal 
system and renders them fully visible. B, A film taken after release of compression shows incomplete filling of the calyceal systems. 
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FIGURE 6-15 + Normal excretory urogram. A, A prone film taken at 20 minutes reveals good visualization of the left ureter and partial visualization 
of the right ureter. The prone film is excellent for ureteral filling, noting changes in position of the kidney, visualizing bladder hernias, and demonstrating 
filling defects on the anterior bladder wall. Normally, the collecting systems should empty rapidly in the prone position. B, A postvoiding film (taken in 
all men older than 60 years) shows a normal amount of residual urine. The postvoiding film must be taken immediately after the patient has returned 
from the bathroom. Any delay will produce results mimicking the presence of residual urine. 
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FIGURE 6-16 « Normal excretory urogram. A, A tomogram 
at 3 minutes shows distention of the collecting systems from 
ureteral compression. Visualization of the nephrograms is 
good. B, A 10-minute film with compression maintained 
shows excellent visualization of the collecting systems and 
proximal two-thirds of the ureters above the area of compres- 
sion. Note the symmetrically placed, fully inflated compres- 
sion balloons overlying the pelvic portions of the ureters. C, 
A 30-minute supine film. After release of compression, the 
calyces are slightly less dilated and the ureters not as well 
filled, which is indicative of satisfactory drainage. The bladder 
is fully distended. 
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FIGURE 6-17 * Example of a typical film sequence for excretory urog- 
raphy. A, A film taken 1 minute after contrast injection shows bilateral 
equal nephrograms without calyceal filling. B, A 3-minute film with 
compression shows complete filling and slight distention of the collecting 
systems and filling of the proximal ends of the ureters. C, A tomogram 
obtained immediately after the 3-minute film shows better definition of 
the renal parenchyma and its margins. D, A 10-minute film immediately 
after release of compression. Slight fading of the nephrogram is now 
evident. The collecting systems are still full and remain slightly distended. 
E, A 20-minute film 10 minutes after release of compression shows 
normal calyceal structure without distention. The calyces are not as well 
filled, and not all calyces are equally well visualized. A vascular impression 
on the right renal pelvis (arrow) is now apparent. On the compression 
films, this area was distended and less apparent. 
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FIGURE 6-18 * Tomography during 
urography. A, A urographic film shows a 
slight bulge in the lateral contour of the 
right kidney (arrow). B, A tomogram shows 
the detail of an intrarenal mass (cyst) inter- 
rupting the normal lateral contour. C, An- 
other patient with a renal cyst whose uro- 
gram shows a mass in the lower pole of the 
right kidney. D, A tomogram reveals the 
detail of the mass and more clearly defines 
the cyst walls (arrows). 


$ 


A 


in the descending and transverse colon overhing the telt kidney. B, 
A 4-minute tomogram with an excellent nephrogram and good 
pyelocalyceal visualization. The banum in the antenorl placed 
transverse colon is not visualized in the tomogram., 


FIGURE 6-20 * Further advantages of tomography 4. A film from an excretory urogram reveals that most of the renal contour is obscured by 
overlying colonic gas. B. Tomogram delineating the renal outline and showing the nephrogram in good detail. 
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the entire routine study. If the information can be obtained 
with limited images, the examination should be terminated 
early. In young women, except for the scout and the 20- 
minute 14 X 17 films, the ovarian area should be shielded. 
In male patients, gonadal shields should be used routinely 
throughout the examination. Although it is desirable to 
limit the number of exposures to what is required for the 
diagnosis, nothing is more frustrating than completing the 
study and finding that another view is necessary to clarify 
the diagnosis. Therefore, careful monitoring by the radiolo- 
gist is required to prevent repeating the examination. 

In children, the minimum number of images needed to 
answer the questions posed must be obtained, which re- 
quires constant supervision of the examination. Urography 
is of limited value in the first week of life because of the 
decreased glomerular filtration and concentrating ability of 
the kidney. The technique in children is discussed in the 
second part of this chapter. Special views may be required 
in certain instances. Often, a film coned to a specific area 
of interest will provide enough improvement in detail to 
establish a diagnosis such as renal papillary necrosis and 
dispel the need for additional studies. An extension cone 
(i.e., paranasal sinus cone) works very well for this purpose. 


Oblique Views. Routine use of oblique views has largely 
given way to tomography. Oblique films are still of value 
for questionable ureteral lesions, differentiation of extrinsic 
and intrinsic renal or ureteral masses, and visualization of 
the posterolateral aspects of the bladder (Fig. 6-21). 


Delayed Views. Delayed views may be obtained 1 to 48 
hours after injection. They are of value in cases of obstruc- 
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tion in which an early nephrogram is seen but the collecting 
system is not visualized (Fig. 6-22), in long-standing hydro- 
nephrosis in which rim signs (thinned renal parenchyma) 
are seen but the collecting system is not visualized until 
many hours later (Figs. 6-23 and 6-24), and in certain 
congenital lesions such as a nonvisualized upper calyceal 
system with an ectopic or otherwise obstructed ureter. 
Delayed views are generally unrewarding in the total ab- 
sence of an early nephrogram. 


Prone Film. A prone film is useful for viewing filling of 
ureteral areas that are not seen in the supine position (Fig. 
6-25). It is also a good view for renal ptosis and lesions on 
the anterior bladder wall and for demonstrating bladder 
hernias (Fig. 6-26). 


Erect Film. The erect film is the optimal view for demon- 
strating renal ptosis, bladder hernias, and cystoceles. It best 
demonstrates emptying of the upper urinary tract. This 
view discloses layering of calculi in cysts or abscesses (milk 
of calcium) and occasionally demarcates areas of obstruc- 
tion in the ureter better than the prone film does (Fig. 
6-27). It also demonstrates small amounts of urinary tract 
gas not appreciated on other views. 


Postvoiding Film. The need for a postvoid film is contro- 
versial.”> 4 It is rarely indicated unless a bladder lesion 
such as a Hutch diverticulum (Fig. 6-28), stones, bladder 
hernias, bladder tumors, or obstructive urethral lesions are 
clinically suspected. In older men with prostate obstruc- 
tion, the postvoid film helps estimate residual urine. The 
film must be obtained immediately after voiding or residual 

Text continued on page 168 


Right and left posterior oblique views project the ureters away from the spine. Oblique views are useful for questionable ureteral lesions in the frontal 
projection and for projecting renal masses that are outside the renal contour. 
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FIGURE 6-22 • Value of delayed 
urographic films. A, A 10-minute film 
of an excretory urogram shows calcu- 
lus (arrow) in the proximal end of the 
left ureter with a faint nephrogram. 
The right kidney functions normally. 
B, An 8-hour film again shows the 
calculus (arrow) with a moderately di- 
lated collecting system filled proxi- 
mally to the stone. Contrast material 
has long since cleared from the right 


kidney. 
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FIGURE 6-23 + Use of delayed films. A, A 10-minute film from an intravenous urogram reveals the right kidney to be functioning normally. The left 
kidney is markedly enlarged because of ureteropelvic junction obstruction. \ peripheral neplirogram is present, as evidenced by rims of opacified 
parenchyma outlining the margin of the kidney (arrows) and some of the colunims of Bertin. B \ 4-hour film reveals the severe hydronephrosis now 
filled with contrast material. No opacification is seen distal to the ureteropelvic junction. which suggests obstruction at this point. 


SPS 


FIGURE 6-24 ° Severe hydronephrosis with a rim sign of thinned renal 
parenchyma (arrowheads). 
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FIGURE 6-25 + Value of the prone film. A. Supine 10-minute film from a urogram with poor visualization of the distal end of the right ureter. B, A 
prone film shows complete visualization of both ureters 


1 
above the svmphvsis pubis (arrow? B. A prone film at the same time now reveals a right-sided hernia of the bladder inte the inguinal canal. The prone 
position demonstrated the hernia. whereas the supine position did not. (Courtesy of Malton Elkin. M.D) 
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FIGURE 6-27 ° Value of the erect film. A, Erect film of the urogram 
showing layering of contrast in dilated calyces (arrows). Such layering 
is a sign of urinary stasis. B, Supine film of a urogram in a different 
patient with right-sided ptosis. C, In the erect film the kidney descends 
markedly (arrow). Even this degree of nephroptosis, however, is gener- 
ally of no consequence when it occurs as an isolated finding. 
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FIGURE 6-28 • Value of the postvoid film-several examples. A, Urogram demonstrating typical medial deviation of the distal end of the left ureter 
(arrow) suggestive of a vesical diverticulum. However, no diverticulum was demonstrated on the urogram. B, A postvoiding film now shows filling of 
the diverticulum. C, A second case with multiple diverticula obscured by the contrast-filled urinary bladder. D, A postvoiding film clearly demonstrates 


the diverticula. 


urine cannot be estimated. The presence of urine in the 
bladder on a postvoid film should not, per se, be equated 
with bladder outlet obstruction. Some patients find it diffi- 
cult to void in a busy, noisy department. However, an 
empty bladder almost certainly rules out obstruction. 

It is necessary to pay careful attention to the radiographs 
as they are being processed and not after the patient has 
left the radiology department. The importance of careful 
in-progress monitoring of every urogram by the radiologist 
cannot be overemphasized. 


Complementary Studies: Other 
Technological Choices in Imaging the 
Urinary Tract and Their Relationship to the 
Urogram 


The greatest value of the urogram is its ability to demon- 
strate, localize, and define changes secondary to calculi and 


calcifications; to visualize the ureter; and to reveal changes 
in the collecting system resulting from infection or tumor. 
It is of less value in determining the nature of masses 
(unless characteristic calcification or fat is present) or in 
delineating contour lesions of the kidney and lesions of the 
perinephric space. 

Today, with the increasing number and variety of techno- 
logical approaches (e.g., ultrasonography, CT, MRI) avail- 
able for the work-up of genitourinary tract problems, it is 
appropriate to define the place of these techniques and 
their complementary or supplementary effects on each 
other. 


Ultrasonography 


Ultrasonography (see Chapter 11) has become a triage 
technique for many conditions affecting the kidney,’ espe- 
cially in children and women in their reproductive years. 


As far as known, diagnostic ultrasound is not associated 
with significant adverse biological effects, and, of course, 
no radiation is produced. The technique is excellent for 
the following purposes (Figs. 6-29 to 6-31): 

1. To determine the presence or absence of a kidney 

2. To evaluate the size of the kidney (see Fig. 6-29) 

3. To assess for the presence of significant hydronephro- 
sis (see Fig. 6-31) 

4. To evaluate masses disturbing the contour of the 
kidney (i.e., to determine whether a cyst or tumor is 
present) (see Fig. 6-30) 

5. In the detection of fat (see Fig. 6-30) 

6. In the detection of an end-stage kidney (renal size 
and cortical thickness) 

7. In combination with Doppler studies to assess the 
renal vasculature”! 


Ultrasonography is useful but less reliable for the follow- 
ing purposes: 

1. Solid lesions not disrupting renal contour 

2. Moderate degrees of interstitial nephritis 

3. Renal calculi less than 2 or 3 mm in size 

4. Minimal degrees of hydronephrosis 


Ultrasonography has little or no value for the following 
purposes: 

1. Determining function of the kidney 

2. Observing details of pelvic and calyceal structures 

3. Observing ureteral abnormalities 


More recently, attempts have been made to use ultraso- 
nography for tissue characterization, which may yield fur- 
ther information on the nature of lesions within the kidney 
and may possibly detect microcalcifications within the kid- 
ney that cannot be visualized on x-ray film. The use of 
newer ultrasound contrast agents may allow more accurate 
diagnosis and functional assessment. Because ultrasonogra- 
phy does not involve radiation, it is frequently used for 
first-stage evaluation of renal abnormalities. 


Computed Tomography 


CT (see Chapter 12), because of its ability to visualize 
multiple organs when performing a renal examination and 
its ability to clearly demonstrate renal contours and the 
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circumrenal spaces, has become the procedure of choice 
for significant abdominal trauma. It is frequently the initial 
work-up for patients suspected of having renal masses, 
although it is more logical to first define the lesion by 
ultrasonography and, if the mass is not a typical cyst, to 
then proceed to CT. CT is of value in evaluating abscesses, 
neoplasms, or other lesions that produce subcapsular or 
perinephric extension (Figs. 6-32 to 6-34). CT has become 
the first choice in diffuse renal infection because of its 
ability to demonstrate the classic findings of acute bacterial 
nephritis (pyelonephritis) in the nephrogram (Figs. 6-35 
and 6-36). Many uroradiologists will add a routine film of 
the abdomen or a three-dimensional image after the CT 
examination to demonstrate the collecting system because 
CT does not show calyceal detail (Fig. 6-37). However, the 
presence of intestinal contrast medium may nullify any 
potential value in this protocol. CT is the best method for 
demonstrating abscesses, xanthogranulomatous pyelone- 
phritis, and tuberculosis. Although standard CT is not espe- 
cially useful in the evaluation of many ureteral lesions, 
spiral (helical) CT with coronal reconstruction has pro- 
duced superior images. CT is preferred over plain films 
and urography for the detection of nonopaque stones.”* *° 

Although CT has been considered a costly examination, 
more recently the cost of a CT study has decreased to 
where it is similar or not much more than a urogram. The 
urogram is best for observing anatomical details of the 
collecting system; for confirming suspected calculi, intra- 
luminal tumors, ureteral obstruction, and most congenital 
anomalies; and for screening for unexplained hematuria in 
conjunction with CT (e.g., CT urography). CT is the first 
choice for most other lesions.” It is currently favored by 
many as the first-line procedure in patients with renal 
colic.?® 


Nuclear Medicine 


The principal studies in nuclear medicine (see Chapter 16) 
include renal imaging, radionuclide phlebography, radionu- 
clide angiography, radionuclide cystography, and renogra- 
phy. Nuclear medicine studies provide more functional 
information than x-ray studies do, but less anatomical de- 

Text continued on page 174 


FIGURE 6-29 + Normal renal sonogram. The kidney is well visualized in 
the sagittal plane, which shows the highly echogenic sinus fat and central 
pyelocalyceal structures and provides clear demarcation of the less echo- 
genic cortex. 
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FIGURE 6-30 ° Correlation of urography and sonography. A, Tomogram from a 
urogram revealing a large mass in the upper pole of the left kidney displacing the 
calyceal system laterally. B, A transverse sonogram reveals a well-defined mass with 
lack of echogenicity within it, typical of a renal cyst. Note the enhanced through- 
transmission. C, A different case showing increased echogenicity within the kidney 
(arrows) typical of gas or fat. However, the poorly defined acoustical shadowing is 
more in keeping with gas. 
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FIGURE 6-31 * Correlation of urography and sonography. A, A urogram reveals bilateral displacement of both collecting systems laterally and 
inferiorly. The renal contours suggest lack of filling of collecting structures in the upper halves of both kidneys. B, A transverse sonographic scan 
through the regions of the upper poles shows two bilaterally echo-free, masslike lesions representing hydronephrotic upper poles associated with 
duplication of the collecting systems. C, A longitudinal sonographic scan of the left side shows the normal kidney inferiorly and the large hydronephrotic 
upper pole superiorly (arrow). 
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FIGURE 6-32 œ Visualization of Gerota’s fascia in a normal, 30-year-old obese man 
with no known history of renal or other abdominal disease. Urinalysis is normal. A 
tomogram from the excretory urogram reveals clear visualization of Gerota’s fascia 
(arrowheads), which does not appear abnormally thick. 


FIGURE 6-33 Ħ Value of computed tomography (CT) in renal masses. A 
CT scan in a 33-year-old woman with fever shows a large renal abscess in 
the upper pole of the left kidney with extension into the perinephric and 
posterior paranephric spaces. CT provides better definition of such lesions 
than does urography. Note the dense rim surrounding the abscess. 
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FIGURE 6-35 «+ Young woman with fever and right flank pain. A com- 
puted tomographic (CT) scan shows three discrete areas of acute bacterial 
nephritis (inhomogeneous nephrogram! involving the right kidney and 
separated by the columns of Bertin. This view represents a segmental 
pattern of pyelonephritis involving individual lobes of the kidney. CT 
provides greater detail of the anatomy of the lesion than does urography. 
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FIGURE 6-34 ° A, Tomogram from a urogram in a patient with chronic 
urinary tract infection demonstrating thickening of Gerota’s fascia (arrow). 
B, Computed tomography shows the irregularly thickened fascia (arrow) 
and its relationship to the kidney and perinephric space in greater detail. 


FIGURE 6-36 * Acute bacterial nephritis (pyelonephritis). A different 
image in the same patient demonstrates poor opacification of three indi- 
vidual renal lobes (arrowheads) in this patient with clinical pyelonephritis. 
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FIGURE 6-37 * A, Normal computed tomographic (CT) 
compared with conventional urography. However, definition of the renal outlines and perinephric spaces is far superior to that achieved with urography. 
B, CT scan of a patient with left ureteral obstruction. The dilated renal pelvis is clearly shown with layering of contrast in the dependent portion of the 


pelvis. Backpressure atrophy has decreased the size of the kidney. The individual calyces are not well seen in this projection. 


tail. Nuclear medicine has the advantage of using different 
agents that may be excreted purely by glomerular filtration 
or actively secreted by the renal tubules. Renography is of 
value in comparative studies between both kidneys to de- 
pict radionuclide uptake and excretion by the kidney. Pat- 
terns have been established that are suggestive of obstruc- 
tion in the excretory system or the vascular system. 
Radionuclide scintigrams can help differentiate mechanical 
obstruction from physiologic hydronephrosis (Fig. 6-38). 
Nuclear medicine studies are useful for determining 


whether masses represent normally functioning renal tissue 
(pseudotumors) (Figs. 6-39 and 6—40) or represent bona 
fide pathological entities such as tumors or abscesses (Fig. 
6—41). Radionuclides may also be used to identify residual 
urine within the bladder and to detect vesicoureteral reflux. 
The resolution achieved by nuclear medicine techniques is 
poor; consequently, studies of reflux in adults are more 
effectively performed as follow-up studies than for de- 
tecting the presence and degree of reflux in the initial 
study. Most pediatric radiologists advocate nuclear medi- 
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FIGURE 6-38 ° Use of radionuclide renography, in lieu of urography, to view obstruction; differentiation of mechanical obstruction from nonmechanical 
hydronephrosis. A, Young adult with ureteropelvic junction obstruction. Because of sensitivity to contrast material, the initial study was a technetium- 
99m diethylenetriamine pentaacetic acid scintiscan, which reveals a hydronephrotic pattern on the left with clear demarcation of the dilated calyces by 
the radioisotope. The pelvis is not yet filled. B, Iodine-131 iodohippurate study. The right kidney (solid line) is normal. The left kidney (arrow) shows 
a prolonged excretion phase. Furosemide (Lasix) was administered at 20 minutes. The response was adequate (no mechanical obstruction), with over a 
60% drop within 10 minutes of injection. The third broken line is the curve of bladder activity. 
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FIGURE 6-39 * Radionuclide scintiscan complementing urography and ultrasonography; renal pseudotumor. A 45-year-old woman was admitted for 
microscopic hematuria. Ultrasonogi ‘aphy was performed because of her sensitivity to contrast material. A, A sagittal plane sonogram of the left kidney 
suggests a mass (arrow) along the lateral border of the kidney. B, A nuclear medicine study with technetium-99m dimercaptosuccinic acid reveals no 
cold area in the kidney and in fact suggests slightly more activity in the region of the proposed mass. This structure was considered to be a column of 
Bertin. Surgical confirmation was not appropriate. 
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FIGURE 6—40 * A. A 39-vear-old woman with uterine fibroid tumors. The urogram suggested a mass (asterisk) in the left kidney. B, A technetium- 
99m glucoheptonate renal scintiscan shows only normal corticomedullary differential excretion, with no evidence of a pathological mass. The columns 
of Bertin are well demonstrated. (Courtesy of Al. DeRogatis, M.D.) 
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FIGURE 6-41 * Renal tumor in a middle-aged woman with hematuria. A, A technetium-99m glucoheptonate image shows a clear-cut defect in the 
upper portion of the left kidney (arrow). B, A selected frame from a flow study shows that this area in the left kidney becomes hypervascular. The lack 
of uptake in the glucoheptonate image indicates that this structure is not renal parenchyma, whereas the increased flow suggests that it is a hypervascular 


lesion. At surgery, this defect was found to be renal cell carcinoma. 


cine studies for detection and follow-up of reflux in chil- 
dren because of the decreased radiation. In addition, be- 
cause of their extreme functional sensitivity, radionuclide 
studies are advantageous when renal insufficiency pre- 
cludes urography. 

Therefore, nuclear medicine is particularly valuable for 
providing functional information in comparative studies be- 
tween the two kidneys and for detection of reflux in children. 


Vascular Procedures 


Vascular catheter procedures (see Chapter 14) were used 
to detect tumors in the 1960s and 1970s but have given 


way to CT, which is preferred for this purpose. Today, most 
catheter procedures by radiologists may be classified as 
interventional in that they are used for dilatation of renal 
arteries, embolic procedures, stenting of ureters, nephros- 
tomies, and catheter insertions. Hypertensive diagnostic 
vascular screening has decreased, but vascular dilatations 
have increased.” Most biopsies today are performed under 
CT or ultrasound guidance. Digital subtraction angiography 
is used with catheter angiography to obtain better visualiza- 
tion of vascular lesions such as arterial stenosis and aneu- 
rysms and for comparative hemodynamics. The use of diag- 
nostic angiography of the kidneys has decreased markedly as 
the use of CT, ultrasonography, and MRI has increased.” 


FIGURE 6—42 « Antegrade percuta- 
neous pyelogram in a woman with long- 
standing ureteropelvic junction ob- 
struction. A, A tomogram from the 
urogram shows hydronephrosis with no 
contrast filling of the dilated pelvis. B, 
Percutaneous puncture with injection 
of contrast medium shows in greater 
detail the hydronephrosis and the level 
of the obstruction. The calyceal filling 
defect proved to be a transitional cell 
carcinoma. The risk of tumor seeding 
from needling urothelial neoplasms is 
much greater than from renal cell carci- 
noma. 


Digital Radiography 


As the technique for digital radiography and computed 
radiography of all parts of the body is perfected, digital 
renal radiography (digital urography) will become widely 
used. Digital urography may eventually replace routine 
film radiography because of the ability to use computer 
manipulation on each image. Such image control allows 
enhancement of low-contrast objects, as well as immediate 
digital storage and recall. It also provides the ability to 
obtain sequential examinations with lower radiation dosage 
to the abdomen.?® 30 


Anfegrade Percutaneous Pyelography 


If obstruction of the ureteropelvic junction is sufficient to 
prevent visualization of the urinary tract and if retrograde 
pyelography is not successful or feasible, an 18-gauge or 
Teflon-sheathed needle may be inserted under CT or ultra- 
sound guidance into the renal collecting system under local 
anesthesia. After a small quantity of urine is removed, 
contrast medium is injected. This technique provides excel- 
lent antegrade visualization of the distended excretory sys- 
tem and supplies urine for culture or cell block (Fig. 6-42). 
A catheter may be substituted for the needle and will 
provide a percutaneous nephrostomy for renal drainage’! 
(Fig. 6-43). It is often useful to drain an infected/ob- 
structed system by catheter or percutaneous nephrostomy 
before corrective surgery. The antegrade approach (see 
Chapter 109) should be avoided, if possible, in the face of 
known or strongly suspected transitional cell carcinoma 
because of the propensity for urothelial tumors to seed 
onto new surfaces (see Chapter 47). 


Retrograde Pyelogram 


Between 1910 and 1928, retrograde pyelography (see 
Chapter 7) was the only means of visualizing the urinary 
tract. In the 1930s, Uroselectan became the first practical 
contrast medium for urography. By the late 1950s, pyelo- 
grams were largely replaced by intravenous studies. How- 
ever, the retrograde pyelogram still has a very specific place 
in diagnosis. Indications for retrograde pyelography include 
the following: 

1. Nonvisualization on the urogram. The retrograde py- 
elogram may delineate an area of obstruction in the 
ureter or may demonstrate a normal collecting system 
and thus suggest occlusion of the vascular pedicle. 

2. In patients with unexplained recurrent gross hematu- 
ria in which other modalities have not revealed the 
cause of the hematuria, the retrograde pyelogram 
may show an intraluminal lesion of the ureter, pelvis, 
or calyces (Fig. 6-44). 

3. Whenever a questionable area in the collecting sys- 
tem is not well visualized by other modalities, a retro- 
grade study may show it to better advantage. 

4. Retrograde pyelography may be used for selective 
separate collection of urine from each kidney or for 
cytology studies of a suspicious area. 

In almost all instances, the retrograde pyelogram should 

not be the first study but instead should be preceded by a 


urogram, ultrasound, or CT examination. The incidence 
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of contrast reactions appears to be much lower with the 
retrograde study than with urography. However, because 
extravasation of contrast material into the lymphatic and 
venous structures is extremely common, the decreased inci- 
dence is thought to possibly be due to the sedation, anes- 
thesia, or the lower doses used. Nonionic contrast medium 
is occasionally used if a patient has a history of prior 
reaction to contrast. 

Catheters are almost routinely opaque so that they can 
be seen on the x-ray film. The catheter must be manipu- 
lated carefully to avoid traumatizing the ureterovesical 
junction or the ureters, and trauma can be minimized by 
the use of fluoroscopic guidance. The most common area 
for failure of catheterization is at the ureterovesical orifice. 
Rarely, the catheter perforates the wall of the ureter, usu- 
ally near the ureterovesical junction, and injection of con- 
trast material reveals submucosal, intramural, or most com- 
monly, retroperitoneal contrast (Fig. 6—45). 

Variations in retrograde examinations include the follow- 
ing (for details, see Chapter 7): 

1. Bulb tip catheter: A bulb tip catheter produces disten- 
tion of the entire ureter and renal pelvis because of 
the obstruction produced by the bulb distally. 

2. Instrumental catheters: Numerous types of instru- 
mental catheters can be used for brushing, per- 
forming biopsy, and removing stones. 

Two variations that may be used with retrograde studies 

include the following: 

1. Air pyelogram or double-contrast pyelogram: This 
technique can provide exquisite visualization of the 
mucosa of the ureter and renal pelvis (Fig. 6-46), as 
well as demonstrate poorly visualized filling defects. 
It may take from 10 to 20 mL of air to fill the normal 
renal pelvis. If one wishes to primarily see the renal 
pelvis and upper portion of the ureter, it is wise to 
elevate the head of the table so that air will stay 
within the upper portion of the collecting system. 
The air pyelogram can be performed immediately 
after routine contrast pyelography for a “double-con- 
trast” effect (Fig. 6-47). 

2. Delayed pyelogram: The delayed pyelogram is used 
to demonstrate the presence of stasis or obstruction 
in the pelvis or ureter. After obtaining the pyelogram, 
the catheter is removed and the patient is allowed to 
sit or stand for 10 minutes. Any residual contrast on 
the subsequent film indicates a delay in emptying 
(Fig. 6-48). If the delay seems to be due to uretero- 
pelvic obstruction, the possibility of spasm or edema 
from the procedure must be considered. 


MODIFICATIONS OF THE UROGRAM 


The following are modified versions of the urogram: 

1. Hypertensive urogram: The hypertensive urogram, in 
vogue in the 1960s, produced too many false positives 
and false negatives to be of practical value and has 
been discontinued. The major findings in the urogram 
of a hypertensive individual that suggest renovascular 
hypertension are (1) a small kidney (smaller than the 
opposite side by more than 1.5 cm), (2) delayed 
appearance of the nephrogram and contrast material 
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FIGURE 6—43 ° A 74-year-old man with chronic urinary tract ob- 
struction. A, An early film from the urogram reveals displacement 
of the middle and lower portions of the left kidney laterally by a 
vague central mass. Dilated hydronephrotic calyces show early fill- 
ing. B, A 20-minute film of the urogram reveals increasing density 
within the central mass medial to the kidney. Further filling and 
distention of the dilated calyces are noted. C, The mass was percuta- 
neously punctured, and contrast medium was injected. Definition of 
the mass is excellent, and it represented a urinoma. A catheter was 
left in situ for drainage. 
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FIGURE 6—44 + Patent postcystectomy with a transureteroureterostomy. The patient was at this pomt being evaluated for hematuria. A, A urogram 
did not reveal a lesion in either the kidneys or ureters. B. A retrograde pyelogram revealed a transitional cell carcmoma (arrow), which was not 
obstructing and was not visualized on the urogram. 


FIGURE 6—45 * A, Catheter perforation submucosally at the ureteral orifice. Contrast material has extrayasated submucosally and extends in a typical 
fan-shaped appearance around the ureteral orifice. The material does not enter the bladder lumen B. Intramural perforation of the distal end of the 
ureter. Contrast material has extended around the ureter. limited by the bladder musculature. and is just beginning to extend into the retroperitoneal 
area (arrow). 
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FIGURE 6—46 « Pneumopyelogram. Injection of air via the catheter into 
the proximal end of the ureter and renal pelvis. Visualization of the 
mucosa of the ureter and pelvis is excellent. 


in the calyces, and (3) hyperconcentration in the late 
film as a result of the increased water reabsorption 
from the decreased urine volume leading to a more 
concentrated mixture of contrast material and urine 
(Fig. 6-49). Although these specific findings are of 
value, the urogram is not considered the screening 
procedure for hypertension. In patients younger than 
50 years with a short history of significant hyperten- 
sion or in patients whose hypertension cannot be 
controlled by antihypertensive therapy, the work-up 
for renal hypertension should consist of visualization 
of the renal arteries by digital subtraction angiography 
or direct arteriography and assessment of renin out- 
put from each kidney by measurement of the levels 
of renin from each renal vein. A renin ratio greater 
than 1.5:1 is suggestive of renovascular hypertension 
when coupled with the presence of a stenotic lesion. 
With the advent of angioplasty, many authorities be- 
lieve that in patients younger than 50 years who have 
significant hypertension being controlled by medical 
therapy, angiography should be performed if the hy- 


pertension is of relatively recent origin. Although 


long-term antihypertensive therapy has not as yet 
been shown to be harmful, it remains a possibility to 
consider in an individual patient. In addition, a ste- 
notic lesion producing hypertension controlled by 
medical therapy may nevertheless progress to occlu- 
sion of the artery and radically reduce renal reserve. 
Therefore, in young patients with controlled reno- 
vascular hypertension of recent onset, it is logical to 
evaluate the renal arteries and perform angioplasty in 
an attempt to correct significant stenotic lesions 
rather than administer long-term medical therapy. 
The recent advent of captopril renal scintigraphy has 
been helpful in the evaluation of renovascular hyper- 
tension, in addition to Doppler ultrasound.” 3? 

2. Hydration urogram: Hydration urography is rarely 
used but may be useful when intermittent obstruction 
is suspected but cannot be confirmed on the standard 
study. Here, the use of diuretics such as furosemide 
(Lasix), 40 mg IV, administered during the study will 
demonstrate an acutely developing hydronephrosis if 
true intermittent hydronephrosis is present (See 
Chapter 59). 

3. Tailored urogram: This expression, coined by Lalli,” 
emphasizes the importance of modifying the urogram 
to provide the information needed to include or ex- 
clude the clinical problem. When performing urogra- 
phy, it is of the utmost importance to answer the 
question posed by the clinician and tailor the urogram 
to that purpose. Repeat urograms should be modified 
to the specific purpose of the repeat examination. 
Urograms in children should be limited to evaluate 
the nature of the clinical problem. A corollary to this 
statement is that it is always worthwhile to take an 
additional film to prove or disprove the findings on 
the urogram rather than provide the clinician with an 
incomplete diagnosis that requires further work-up. 

Although it is difficult to provide algorithms for a partic- 

ular patient, Table 6-4 shows the uses of the preceding 
procedures in patients with definitive findings. With sig- 
nificant trauma to the abdomen, spiral CT is the triage 
examination of choice. The urogram is no longer the study 
of choice for renal colic, but it is quite valuable in showing 
the architecture of the collecting system in patients with 
kidney stones who are to undergo percutaneous lithotripsy. 
If a pseudotumor is suspected, ultrasound with color Dopp- 
ler ultrasound (CDU) or nuclear medicine may be consid- 
ered for diagnosis. In infection, CT is the preferred choice 
if a mass is revealed; the urogram is best for visualizing 
calyceal distortion. CT is the most sensitive detector of 
renal masses. Although urography is very sensitive with 
masses greater than 3 cm in diameter (85%), it is very 
unreliable in detecting smaller (<3 cm) lesions. 


RENAL DEVELOPMENT AND ANATOMY 
Embryology 


The human kidney is demarcated during the fourth week 
of gestation and arises from the paraxial mesoderm. The 
classical concept originally presented by Felix® in 1912 
delineated three separate stages: (1) early appearance of a 
vestigial pronephros, (2) later appearance of the mesoneph- 
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FIGURE 6—47 « Transitional cell carcinoma of the renal pelvis: double-contrast pyelogram. A, Retrograde study suggesting a marginal defect on the 
medial aspect of the renal pelvis (arrow). Bo \lter drainage of the contrast, air was injected. The air pyelogram reveals a well-define i lobulated mass in 
the renal pelvis (arrow). The margins of thi nass are better seen with air contrast. 


FIGURE 6—48 ° Value of the delayed 
film. The initial 5-minute film (not 
shown) showed a dense nephrogram 
without calyceal visualization. The 45- 
minute film of the urogram now shows 
a dilated collecting system proximal to 
a small calculus in the ureter (arrow). 
The nephrogram remains very dense. 
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TABLE 6-4 °. Examples of Procedures Applied to Patients with Definitive Urographic Findings 


A. Persistent gross hematuria 


Gross hematuria 


! 


Urogram 
2 
K 
Suspicious $ 
mais Retrograde 
Q 
Surgery Norm, KI 
Angiography 
(to exclude 
vascular 
abnormality) 
z 
Q 
3 
g 
Medical 
disease 


C. Renal infection 


B. Renal mass detected on urography 


Suspicious 
tumor 


Surgery 


Renal infection —fever 


Follow 
medicaily Sy 


CT 


Suspicious 
tumor 


Surgery 


Mass 


| 


Ultrasonography 


CT or puncture sClasele End 


Drain and 


Surgery 
medical therapy 


Nuclear scan 


ty. 
285 
Ultrasonography 
© 
hy A 


Drain and treat 
medically 


«Note: Retrograde pyelograms are not necessary if all parts of the collecting system and ureter are well visualized. 
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FIGURE 6—49 * Hypertensive urogram in a 52-year-old woman with renovascular hypertension. A, The 3-minute film from an excretory urogram 
reveals no calyceal opacification in the left kidney. B, The 20-minute film shows thin calyces and infundibula, with increased density of the late- 


appearing contrast. 


ros, and (3) ultimate development of the metanephros. 
Fraser® in 1920 and Torrey” in 1954 stated that kidney 
development occurs in a continuous manner with the for- 
mation of glomeruli and tubules and proceeds caudally in 
the nephrogenic mesoderm. Resorption follows formation, 
and only the most caudal and latest-formed units remain 
as the definitive kidney of the adult. This concept considers 
kidney formation as a continuum, in contrast to the classical 
concept (Felix), which delineates three separate stages. 
Formation of the adult kidney (metanephros) depends on 
the existence of an embryonic kidney and mesonephric 
duct. The mesonephric or wolffian duct forms the ureter, 
renal pelvis, calyces, and collecting tubules. When the 
ureteral bud and the metanephros join, the kidney begins 
its ascent and rotation. It is presumed by Gruenwal** that 
ascent of the kidney is produced by straightening of the 
embryo, which occurs at this time. When the kidney is at 
the level of the S2 and S3 vertebrae, it is approximately 
7 mm in size, and when it reaches its final position, it is 
approximately 25 mm in size. During the seventh and 
eighth weeks, the kidneys rotate 90 degrees with the renal 
pelvis and change from a ventral to a medial position. 
Failure of the ureteral bud to form or to join with 
the nephrogenic blastema leads to absence, aplasia, or 
dysgenesis of the kidney. Duplication of the ureteral bud 
as it grows into the kidney results in various duplications 
of the kidney and ureter. Problems associated with ascent 
of the kidney during the sixth and seventh weeks relate to 
ectopia of the kidney or various types of renal fusion. 


Renal Fascia 


An understanding of the fascial relationships in the retro- 
peritoneal area around the kidney is essential to under- 
standing the localization and spread of fluid and infection 


around the kidney. The retroperitoneal space and its subdi- 
visions, from the region anterior to the kidney to the 
transversalis fascia posteriorly, consist of the posterior pari- 
etal peritoneum, the anterior paranephric space, the ante- 
rior renal fascia, the perinephric space (space of Gerota) 
containing the kidney, the posterior renal fascia, the poste- 
rior paranephric space, and the transversalis fascia. These 
fascial relationships form fairly well demarcated spaces 
(Fig. 6-50). The renal fascia, which is clearly visible by CT, 
is occasionally visualized by urography in a normal patient 
(see Fig. 6-32). This observation is made much more 
frequently in the presence of perinephric disease, when 
the fascia becomes thickened (see Figs. 6-33 and 6-34). 


Anterior Paranephric Space 


The anterior paranephric space is delineated by the poste- 
rior parietal peritoneum in front and by the anterior renal 
fascia behind. This space is open as a potential space 
medially by fusion of the fascial planes along the course of 
the aorta and inferior vena cava and laterally by the latero- 
conal fascia. It opens inferiorly into the iliac fossa and, 
there, communicates with the posterior paranephric space. 
The anterior paranephric space contains paranephric fat, 
the duodenal loop, and the pancreas; on the right is the 
ascending and on the left is the descending colon. Infec- 
tions of the colon, pancreas, duodenum, or retrocecal ap- 
pendix may produce abscesses in the anterior paranephric 
space (Fig. 6-51). If this space enlarges with fluid collec- 
tions, pressure effects may be seen on the colon and on 
the proximal part of the ureter, which runs through the 
paranephric space. Infections in this space may communi- 
cate with the posterior paranephric space in the pelvis. 
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FIGURE 6-50 + A, Diagram of the cross-sectional anatomy of the right side of the retroperitoneum at the level of the renal sinus and the subdivisions 
created by the renal fascial planes. B, Diagram of the parasagittal anatomy of the right side of the retroperitoneum at the level of the renal sinus. 
(From Davidson AJ: Radiology of the Kidney. Philadelphia, WB Saunders, 1985, p 630.) 


Perinephric Space 


The perinephric space lies between the anterior and poste- 
rior renal fascia. It is closed superiorly and laterally but 
may open medially into the contralateral perinephric space 
and into the iliac fossa inferiorly and communicate with 
the anterior and posterior paranephric spaces. The normal 
perinephric space contains kidney, fat, and adrenal gland. 
Almost all lesions occurring here are secondary to renal 
disease. Renal abscesses may rupture into the perinephric 
space. Renal trauma may produce hemorrhage into the 
space, and renal neoplasms may extend into it (Fig. 6-52). 


FIGURE 6-51 + Pancreatic abscess in the anterior paranephric space 
(arrows) clearly demarcated from the perinephric space except for a small 
area adjacent to the right arrow showing leakage into the perinephric 


space. 


Urinomas, either spontaneous or traumatic, frequently oc- 
cupy the inferior medial aspect of the perinephric space 
(Fig. 6-53). 


Posterior Paranephric Space 


The posterior paranephric space lies between the posterior 
renal fascia in front and the transversalis fascia in back. 
Along the lateral aspect of this compartment, the posterior 
renal fascia joins the anterior renal fascia to form the 
lateroconal fascia. This space continues behind the latero- 
conal fascia to join the properitoneal fat and contains no 
organs. The medial aspect of the posterior paranephric 
space is closed by fusion of the posterior renal fascia 
with the psoas fascia. Inferiorly, it communicates with the 
anterior paranephric space. Abscesses and hematomas may 
occur there, and fluid collections from the anterior para- 


FIGURE 6-52 e Abscess in the right perinephric space. A large renal 
abscess has ruptured into the perinephric space. The anterior and poste- 
rior paranephric spaces are essentially uninvolved. 
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FIGURE 6-53 * Spontaneous urinoma in the perinephric space secondary to partial obstruction of the right ureter. A, A 3-hour film of the urogram 
with typical extravasation of contrast-containing urine into the perinephric space. The contrast parallels the psoas margin and primarily lies lateral to 
the psoas (arrow). The renal pelvis is dilated (large arrow). B, Computed tomographic scan with fluid sharply demarcated in the perinephric space on 
the right (arrows). Contrast-containing urine is entering the compartment (curved arrow). 


nephric and occasionally the perinephric space may freely 
communicate with it (Fig. 6-54). 


Renal Capsule 


The renal capsule is a fibrous envelope covering the kidney 
that is firmly adherent to the renal substance. A potential 
space exists between the kidney and its capsule, which in 
abnormal situations may contain blood, pus, or urine (Fig. 
6-55). Medially, the capsule extends into the renal sinus 
and is loosely attached to the renal pelvis. It can usually 
be separated from the pelvis by increasing intrarenal pres- 
sure and allowing extravasation of urine into the perin- 
ephric space and, less commonly, the anterior paranephric 
space. Presumably, capsular attachments vary widely and, 
in a given kidney, if the attachment to the renal pelvis is 
tight, may allow subcapsular or intrarenal collections. 


Renal Sinus 


The renal sinus contains fat and areolar tissue, as well as 
the renal arteries, nerves, and lymphatics. The sinus ex- 
tends around the pelvis, infundibula, and calyces and may 


be continuous with the perinephric fat (Fig. 6-56). Aneu- 
rysms, parapelvic cysts, and neoplasms may be found in 
this space. 


Renal Vascular Anatomy 


The renal arteries usually arise from the anterolateral as- 
pect of the aorta between the lower two-thirds of the body 
of L1 and the upper third of the body of L2. Approximately 
20% to 30% of individuals have multiple renal arteries and 
10% have multiple renal veins, the latter occurring primar- 
ily on the right side. Multiplicity of arteries is approximately 
equal bilaterally. The right renal artery usually arises more 
cephalad and more anteriorly than the left, and the right 
renal vein usually enters the vena cava more posteriorly 
than the left renal vein does. Sykes described the main 
renal artery as dividing near the hilus into anterior (ventral) 
and posterior (dorsal) branches, from which several (three 
to six) segmental branches arise. In the absence of multiple 
arteries, the anterior division supplies the anterior paren- 
chyma and usually the lower pole of the kidney. The poste- 
rior division supplies the upper pole of the kidney (Fig. 
6-57). Occasionally, the renal artery divides into multiple 
branches in the renal hilus without the demarcated anterior 


186 +++ Techniques and Applications of Urological Imaging 


FIGURE 6-54 * Massive hemorrhage in the right posterior paranephric 
space extends subhepatically. 


and posterior divisions. The segmental branches divide into 
interlobar arteries that parallel the sides of the pyramids 
and then branch into the arcuate arteries along the corti- 
comedullary junction. The arcuate arteries give off numer- 
ous small perpendicular branches called the interlobular 
arteries. The arcuate arteries occasionally communicate 
with perforating capsular arteries and with arcuate arteries 
in adjacent lobes, but the arcuate arteries are essentially 
end-arteries (Fig. 6-58). The following are important con- 
cepts regarding renal vascular supply: 
1. The posterior (dorsal) artery is usually the first branch 
of the renal artery. 
2. Discrete polar arteries arise directly from the aorta in 
approximately 10% of people. 


FIGURE 6-55 ° Large subcapsular hematoma with a thick capsule dis- 
placing the kidney anteromedially (arrow). The kidney and hematoma are 
in the perinephric space, which now occupies most of the left side of the 
abdomen at this level. 
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FIGURE 6-56 * A computed tomographic scan through the region of 
the renal hilus shows the presence of multiple left renal cysts projecting 


into the renal sinus and compressing the renal pelvis. 


3. The inferior adrenal, ureteral, and capsular arteries 
arise from the renal artery. 

4. When multiple branches arise from the aorta, they 
do not usually communicate with other branches in 


the kidney. 


Anatomical Relationships of the Kidney 


The kidneys lie behind the peritoneum and are surrounded 
by the perinephric fat between the anterior and posterior 
renal fascia (see Fig. 6-50). They lie lateral to and roughly 
parallel to the lateral border of the psoas. The renal fossa 
is bounded medially by the psoas muscle, posteriorly by 
the quadratus lumborum muscle, laterally by the broad 
abdominis muscles, and superiorly by the diaphragm (Fig. 
6-59). Anterolaterally, the kidneys are covered by perito- 


FIGURE 6-57 + Specimen radiograph after injection of the posterior 
division of the renal artery, lateral and frontal views. The posterior division 
supplies the upper pole and the posterior parenchyma. 


FIGURE 6-58 ° An injected specimen of a dog kidney shows the fine 
interlobular arteries extending into the cortex of the kidney from the 
arcuate arteries. 


neum; posteriorly, the 12th rib crosses the left kidney at a 
45-degree angle, with approximately one-third or more of 
the left kidney above the inferior margin of the thoracic 
cage. On the right side, however, the position of the kidney 
is lower. Organs intimately associated with the kidney in- 
clude the adrenal glands, which tend to be directly superior 
to the kidney on the right side and anteromedial to the 
kidney on the left. The upper portion of both kidneys rests 
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against the diaphragm, and the posterior aspect of the 
remaining portions, from medial to lateral borders, is in 
contact with the psoas, quadratus lumborum, and the ten- 
dons of the transversus abdominis muscle. The anterior 
surface of the right kidney, above and downward, is in 
contact with the right adrenal gland, the right lobe of the 
liver, the second portion of the duodenum, and the hepatic 
flexure of the colon. The organs in apposition to the ante- 
rior surface of the left kidney are (above and downward) 
the left adrenal gland, the stomach, the pancreas, and (on 
the extreme lateral margin) the spleen and splenic flexure 
of the colon. 


Renal Anatomy 


Although the kidneys are paired retroperitoneal organs 
and one might expect symmetrical architecture in a given 
individual, in fact, the lobar distribution and calyceal sys- 
tems on the two sides are often different in number and 
distribution. 

As previously described, the renal cortex surrounds the 
medullary pyramids. The cortex is thickest in the polar 
areas and along the lateral contour of the kidney. The 
cortical columns in the midportion of the kidney separate 
the renal pyramids and form the lobar architecture of the 


kidney (Fig. 6-60). 


Lobar Development 


An understanding of the lobar development of the kidney 
provides insight into several anomalies and diseases of the 
kidney such as fetal lobations, pseudotumors, compound 
calyces, intrarenal reflux, and various types of lobar dys- 
morphism. The rat kidney consists of a single renal lobe 
containing a medullary pyramid surrounded by cortex and 
draining through a single papilla into a single calyx. A 
whale kidney consists of numerous such lobes connected 
by a network of infundibula to the pelves and ureter. Its 
appearance is much like a bunch of grapes on a stalk (Fig. 
6-61). The pig kidney shows renal lobes grouped like those 
of the human kidney, but frequently nonfused (Fig. 6-62). 
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FIGURE 6-59 + Diagram showing the anatomical relationship 
of the kidney to the spleen, pancreas, duodenum, colon, and 
diaphragm. 
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FIGURE 6-61 « Kidney of a large mammal (whale). A. A portion of the 
kidney containing numerous renunculi, each representing a renal lobe 
containing a medullary pyramid capped by a calyx and surrounded by 
cortex. B, Calyces, infundibula, and ureter after dissolution of parenchyma. 
(From Nickel R: Viscera of Domestic Mammals. New York, Springer- 
Verlag, 1977.) 


FIGURE 6-60 « Diagram of the renal lobe. The renal pyramid (medulla) 
is covered by cortex laterally and on its sides (septal cortex, columns of 
Bertin). The interlobar artery divides into arcuate arteries that traverse 
the corticomedullary junction and give off the interlobular arteries. The 
lobe is the anatomical unit of the kidney. 
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FIGURE 6-62 « Lobar structure 
of a pig kidney. A, The renal lobes, 
although still clearly defined, are 
partially fused. B, Most lobes con- 
tain a single pyramid and calyx, al- 
though some totally fused areas 
show multiple pyramids. (1 = ar- 
tery, 2 = vein, 3 = ureter, 4 = 
lymph nodes, A and B = cortex, C 
and D = medulla, a to e = collect- 
ing system, f = sinus.) (From 
Nickel R: Viscera of Domestic 
Mammals. New York, Springer-Ver- 


lag, 1977.) 
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The human kidney during embryonic development consists 
of a large number of separate renal lobes (renunculi) simi- 
lar to those present in lower mammals, each made up of a 
medullary pyramid surrounded by cortex and drained by a 
single calyx and one artery and vein. The renal lobes fuse 
together, and the areas of fusion are marked by indenta- 
tions or grooves over the cortical surface of the kidney. 
When the separate renal lobes fuse, the outer areas of 
two adjacent lobes are incorporated within the kidney and 
represent the cortical renal columns or septa of Bertin (see 
Fig. 6-64; see also Fig. 6-60). The interlobar vessels are 
located in the septa and branch at the corticomedullary 
junctions into the arcuate vessels, which then give off the 
interlobular vessels from their outer aspects radiating into 
the peripheral cortex (Fig. 6-63; see also Fig. 6-58). The 
surface grooves or lobations of the neonatal kidney usually 
disappear during childhood, and the teenage kidney has a 
smooth-appearing cortical surface. Persistence of surface 
grooves in an adult kidney is referred to as fetal lobation 
(Fig. 6-64). Occasionally, fusion does not occur in segments 
in the kidney (Fig. 6-65), or a kidney may have an abnor- 
mality in fusion. It has been stated that approximately 
half of all adult kidneys show some evidence of persistent 
lobation, with 4% or 5% showing complete delineation of 
the fused lobes. Lobation is usually more prominent on 
the anterior surface of the kidney. This process of fusion 
of individual lobes explains why cortex is present in the 
center of the kidney abutting the renal sinus (cortical 
columns), 

The cortex of the kidney contains both glomeruli and 


uriniferous tubules, whereas the medulla contains only 
tubules. Near the apex of the pyramid (papilla) the tubules 
coalesce to form larger collecting tubules known as the 
collecting ducts of Bellini; these collecting tubules pierce 
the tip of the papilla and open into a calyx. The average 
papilla contains from 10 to 24 papillary collecting ducts. 
Each papilla projects into a calyx, which in turn drains into 
the renal pelvis and ureter, thus forming a closed system 
from glomeruli to bladder. The tip of each papilla is convex, 
and the openings of the collecting ducts are oval shaped 
(Figs. 6-66 and 6-67). This combination resists reflux of 
urine from the calyx into the papilla. The opening of the 
papillary ducts in some of the upper-pole calyces and, to a 
lesser extent, the lower-pole calyces may be round rather 
than oval shaped because of the presence of compound 
calyces. This variation in shape of the openings is thought 
to explain the propensity for intrarenal reflux to occur in 
these locations. The tips of the papilla and calyces are 
surrounded by renal sinus fat of varying amounts. 

The anatomical unit of the kidney is the renal lobe, 
which consists of the renal medulla surrounded by cortex. 
The collecting ducts drain through the papilla of the pyra- 
mid into the calyx. The renal lobe receives its blood supply 
from two intralobar arteries that run on each side of the 
renal lobe (see Figs. 6-60 and 6-63). The usual number of 
lobes reported in the human kidney varies considerably 
but averages about 14 to 16. The lobes are distributed in 
anterior and posterior groups, with the posterior group of 
lobes more medially placed and the anterior group found 
more laterally. This arrangement is partially due to the 


FIGURE 6-63 + A magnified angiogram reveals the segmental renal arter- 
ies dividing into the interlobar arteries (large arrow) and then into the 
interlobular arteries (small arrows), which give off radiating branches into 
the cortex. The interlobar arteries course around the medullary pyramids. 
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FIGURE 6-64 * Examples of fetal lobation. A, The nephrographic phase of the renal arteriogram clearly demarcates the more densely staining cortex 
from the medullary pyramids. When the renal z bes fuse during development, the outer margins of the lobes become a into the kidney at 


the columns of Bertin (black arrows). 1f fusion is incomplete. areas of fetal lobation may persist and appear as indentations of the cortex at the points 
of pasion of two a D es the column of Bertin (white arrows). B, The nephrographic phase of an angiogram reveals multiple areas of 


FIGURE 6-65 * Incomplete fusion of renal lobes in a 4-vear-old child with microscopic hematuria. A urogram revealed bizarre contours and poor 
function of the left kidney. A, A renal angiogram reveals the renal artery to divide into segmental vessels without the usual major divisions. B, A late 
film of the angiogram shows the two superior lobes to be almost nonfused. Fusion is incomplete in other areas of the kidnev as well. C. The incomplete 
fusion is better seen in the nephrectomy specimen. 
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FIGURE 6-66 « The renal lobes are well defined along the lateral 
margin of the kidney. Usually the ratio of medullary pyramid to calyx is 
1:1. In the upper pole and less commonly in the lower pole, the column 
of Bertin is frequently incomplete, which allows adjacent medullary pyra- 
mids to fuse. In such cases, multiple pyramids may enter into a single 
calyceal stem and form a compound calyx. (From Davidson AJ: Radiology 
of the Kidney. Philadelphia, WB Saunders, 1985, p 80.) 


position of the renal hilus, which is anteromedially placed 
rather than being directly medial (Fig. 6-68). Because of 
the position of the anterior and posterior lobes, the anterior 
calyces usually extend to within 1.5 to 2 cm of the lateral 
cortical margin, and the posterior calyces are closer to the 
renal pelvis (Figs. 6-68 and 6-105). With simple calyces, 
each minor calyx caps one papilla; therefore, the number 
of calyces relates directly to the number of lobes. Where 
the cortical columns are deficient or thin, most commonly 
in the polar areas, multiple renal pyramids fuse and form 
compound calyces. In compound calyces, multiple papillae 


FIGURE 6-67 ° Diagram of simple 
and compound papillae. A, Simple pa- 
pilla seen tangentially and en face. The 
papilla is convex with collecting ducts 
running to its surface, which is covered 
by the cribriform plate. In the en face 
view, note that the openings of the col- 
lecting ducts are slitlike. When pressure 
increases within the calyx, the openings 
of the collecting ducts close and pre- 
vent intrarenal reflux. B, Compound 
papilla with more than one papilla en- 
tering into a compound calyx. Over the 
convex portions of the papilla, the anat- 
omy is similar to that of the simple 
papilla. However, in the region where 
the two papillae fuse, the concavity 
stretches the orifice of the collecting 
ducts so that they become round or 
widely oval in appearance. These col- 
lecting ducts frequently allow free in- 
trarena] reflux. (From Davidson AJ: Ra- 
diology of the Kidney. Philadelphia, WB 
Saunders, 1985, p 80.) 


X-RAY BEAM 


Anterior Calyx 


Posterior Calyx 


FIGURE 6-68 ° Diagram of the kidney in situ. The x-ray beam is 
entering on the anteroposterior axis of the body. Note that the renal hilus 
is situated anteromedially, which places the anterior calyces more lateral 
than the posterior calyces. (From Hodson CJ: The lobar structure of the 
kidney. Br J Urol 44:246, 1972.) 


may enter into a single multiheaded calyx (Figs. 6-69 and 
6-70; see also Fig. 6-66). Compound calyces are more 
common in the upper lobe, less common in the lower lobe, 
and least common in the central portion of the kidney. It is 
estimated that 70% of persons have one or more compound 
calyces.°° Compound calyces have also been referred to in 
the literature as T-shaped or hammerhead calyces, and 
they have assumed new importance because of their associ- 
ation with intrarenal reflux and an increased probability of 
pyelonephritis. The tendency of atrophic pyelonephritis 
(reflux nephropathy) to occur in the polar area of the 


FIGURE 6-69 ° Bilateral upper- and lower- 
pole compound calyces. The compound caly- 
ces in the upper pole are more numerous 
and present an appearance that has often 
been referred to as T shaped or hammer- 


head. 


kidney approximately relates to the frequency of compound 
calyces with their associated round, rather than oval ductal 
openings in these areas. Individuals without compound 
calyces are more resistant to intrarenal reflux, and atrophic 
pyelonephritis is therefore less likely to develop. 


FIGURE 6-70 * Compound calyx in the center of the kidney seen en 
face (arrow). The free papillae entering the cab produce negative de- 
fects. (Courtesy of A.J. Palubinskas, M.D.) 
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Renal Size 


Kidney size is directly related to the body surface area of 
the individual. In an average adult at autopsy, the kidney 
measures approximately 11.25 cm in length, 5.0 to 7.5 cm 
in width, and 2.5 to 3.5 cm in thickness, and it weighs 
from 115 to 170 g. The radiographic size of the kidneys is 
considerably larger as a result of normal distention associ- 
ated with blood and fluids and the magnification obtained 
on the x-ray film (approximately 18%). The average normal 
mean lengths and widths observed on radiographs are listed 
in Table 6-5. 

In Moell’s survey* 4 of 100 men and 100 women 20 to 
49 years of age, he measured the radiographic length of 
the kidney as the maximum distance between the upper 
and lower poles and measured the width at right angles to 
the length of the widest lateral-to-medial aspect of the 
kidney, including the hilar area. Studies by Griffiths and 
colleagues,” Ludin,® and others have attempted to estab- 
lish more sophisticated means of estimating kidney size, 
but the simple measurement of renal length appears to be 
adequate for daily use. 

The usual length in a normal adult ranges between 11 
and 14 cm, but the kidneys can be expected to be larger 


TABLE 6-5 * Normal Mean Length and 
Width of Kidneys 


Males Females 
Right Left Right Left 
Length 12.9 13.2 12.3 12.6 
Width 6.2 6.3 5.7 5.9 


Data from Moell H: Kidney size and its deviation from normal in acute renal failure. 
Acta Radiol (Stockh) Suppl 56:6, 1961; and Moell H: Size of normal kidneys. Acta 
Radiol (Stockh) 46:640-645, 1961. 
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in individuals with large body surface areas and smaller in 
diminutive individuals. Women tend to have smaller kid- 
neys than do men, simply because they generally have a 
smaller body surface area. The normal renal length approx- 
imates the height of three to four lumbar vertebral bodies. 
During excretory urography, the size of the kidneys may 
increase by as much as 1 cm because of the diuretic effect 
of the contrast medium.’ During episodes of shock the 
kidneys may decrease by 1 cm or more in size because of 
blood loss (Fig. 6-71). The right kidney is usually 0.5 cm 
smaller than the left. The rule of thumb is that to be 
considered abnormally large, a left kidney should be at 
least 1.5 cm larger than the right whereas the right should 
be at least 0.5 cm larger than the left. This rule should be 
approached with caution because variability is common. 
Numerous charts are available that relate kidney size to 
height, weight, and body surface area (Fig. 6-72). The 
right kidney is 1 to 2 cm lower than the left, with the right 
renal pelvis usually opposite the L2 vertebra. In 10% of 
patients, the right kidney may be higher than the left when 
the patient is in the supine position and, in about 30% of 
patients, higher when in the prone position. The normal 
range of mobility during respiration varies from 1 to 4 
cm. During inspiration the ureters may kinked and mimic 
adhesions or obstructions (Fig. 6-73). Urograms are best 
obtained in the expiratory phase, which allows the best 
alignment of the kidney and ureter. Studies correlating 
renal size measurements obtained at urography with those 
obtained sonographically have shown a 10% to 15% dis- 
crepancy. The smaller values determined by ultrasonogra- 
phy are probably attributable to elimination of radiographic 
magnification in sonography and to diuresis-induced 
nephromegaly in urography.* 

The kidney grows rapidly in the first few years of life, 
reaches maximum size in the early twenties, stabilizes until 
the fifth decade, and then decreases in the sixth and sev- 
enth decades. Renal mass in old age may decrease over 


20%, and renal length decreases about 10%. The more 
significant decrease in renal mass is related to the replace- 
ment of parenchyma by fat. In a healthy adult, renal cortex 
contributes approximately 50%, medulla contributes 35%, 
and sinus fat contributes 15% to the overall volume of the 
kidney. The cortex, in turn, volumetrically consists of 80% 
tubules, 10% glomeruli, and 10% interstitial tissue.“ 

In summary, renal size is related to body surface area. 
Tall, heavy-set individuals may have a “normal” length of 
15 cm or more (Fig. 6-74). For practical purposes, renal 
size is measured as renal length. A difference in renal size 
of over 2 cm is usually significant (Fig. 6-75). Additional 
significant aspects affecting renal size and calyceal position 
include the following: 

1. Always measure both kidneys in the same film and in 

the supine position. 

2. Duplex systems are larger than expected for that 
individual by as much as 10%. A duplex system is the 
single most common cause of an enlarged unilateral 
kidney (Fig. 6-76). 

3. A solitary kidney at birth often approximates the mass 
of two kidneys by the age of 1 year. 

4. In the lateral projection, the anterior and posterior 
calyces can be seen separately (Fig. 6-77). 

5. In the lateral projection, the kidney on the side clos- 
est to the film normally lies posterior to the anterior 
border of the spine. A few of the anterior calyces may 
project beyond the anterior border of the spine. The 
kidney farthest from the film is usually more forward 
and lies anterior to the vertebral bodies (Fig. 6-78). 

6. In the supine position, the lower pole is more poste- 
rior than the upper pole. 


Anatomical Relationship of the Ureters 


The ureters are conduits approximately 25 to 29 cm in 
length, with lumens 2 to 4 mm in size. The ureter is 


FIGURE 6-71 ° A, A 3-minute film of the urogram reveals the length of the right kidney to be 13.2 cm and the length of the left to be 12.1 cm. The 
patient had a reaction to the contrast medium and became hypotensive. B, A film taken at 10 minutes reveals a persistent nephrogram with the 
collecting system almost empty. Renal size has decreased, with the right kidney now measuring 11.5 cm and the left 10.5 cm. The decrease in size is 


due to decreased blood flow through the kidneys. 
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Hodson CJ, Drewe JA, Karn MN, King A: Renal 
size in normal children: A radiographic study dur- 
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FIGURE 6-73 • Kink of the ureter during inspiration. A, Patient in 
deep inspiration with a kink of the ureter just below the ureteropelvic 
junction (arrow). B, Patient in partial expiration. The ureteral kink is no 
longer present. 


conveniently divided into two parts, an abdominal and a 
pelvic portion (Fig. 6-79). The abdominal portion begins 
at the junction with the renal pelvis and runs over the 
anterior surface of the psoas muscle in the anterior para- 
nephric space. It is usually described as coursing over the 
lateral portion of the transverse processes. A ureter that 
lies more than 1.5 cm lateral to the transverse process is 
suspected of being laterally deviated, a ureter that crosses 
over the vertebral pedicle is suspected of being medially 
deviated, and a ureter that is medial to the pedicle is 


-v 


FIGURE 6-75 ° A 64-year-old woman with hypertension secondary to 
renal artery stenosis. The right kidney measures 7 cm; the left, 15.4 cm. 
The marked difference in renal size is due to decreased perfusion of the 
right kidney. 


usually abnormal. In prone or inspiratory films, kinking of 
the proximal portion of the ureter occurs commonly (see 
Fig. 6-73). The abdominal ureter crosses the brim of the 
pelvis at the bifurcation of the common iliac artery and 
becomes the pelvic ureter. The pelvic ureter runs abruptly 
backward and laterally along the contour of the pelvis. In 
the region of the ischial spine, the ureter turns medially 
and forward to enter the bladder. The pelvic ureter there- 
fore has a convex lateral appearance. The ureter has three 
normal areas of narrowing (Fig. 6-80): (1) at the uretero- 


FIGURE 6-74 * Normal large kidney measuring 17.8 cm. This woman had a large body surface area (6 feet, 4 inches tall and weighed over 200 lb). 
A. A 10-minute film from the urogram. B. Nephrographic phase from the aortogram. (Courtesy of A.J. Palubinskas, M.D.) 


FIGURE 6-76 * Duplex system, left. A complete double collecting system 
and double ureter are present on the left side. The left kidney measures 
17.5 cm and the right kidney measures 14 cm. A duplex system is usually 
0.5 to 2 cm larger than its mate, partly because of the increased size of the 
hilus of the kidney. In this instance, the left double kidney is almost 20% 
larger than the right kidney. 


pelvic junction, (2) where the ureter crosses the iliac vessels 
at the pelvic brim, and (3) at its entrance into the bladder. 


THE NORMAL INTRAVENOUS UROGRAM 
Anatomy and Physiology of Excretion 


The kidney is responsible for the stability of the internal 
environment of the body. It regulates the water content 


T 


FIGURE 6-77 ° Lateral projection of the kidney. The anterior and 
posterior calyces are separated, the anterior calyces extending just anterior 
to the spine (arrows). 
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and the maintenance of a proper electrolyte balance, and 
it has the responsibility of excretion of wastes such as urea, 
uric acid, creatinine, and creatine. At the glomerulus, the 
kidney filters all substances in plasma, except for cellular 
constituents and plasma protein. In addition, the kidney 
selectively reabsorbs substances required by the body. 

The function of the kidney is the sum of the functions of 


FIGURE 6-78 ° Lateral film from the urogram showing both kidneys. 
The kidney on the side farthest from the table is more anterior (arrow). 
The left kidney is down; the right kidney is up. The right kidney is 
therefore more anterior. 
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FIGURE 6-79 ° Normal ureters. The left ureter overlies the lateral 
aspects of the transverse processes of the vertebral bodies down to the 
pelvic brim, where it curves medially as it crosses the iliac vessels (arrow). 
The ureter above the arrow is the abdominal ureter; below it is the pelvic 
ureter. The right ureter is normal but more medially placed than the left. 
It remains lateral to the pedicles of the vertebral bodies. Note the normal 
lateral convexity of the pelvic ureters down to the ureterovesical junctions. 


the individual nephrons. Each normal adult kidney contains 
approximately 1,250,000 nephrons. Many variables affect 
function of the nephrons, including circulation through the 
glomerular capillary, changes in blood flow or redistribution 
of blood flow in the kidney or systemic circulation, and 
diseases that affect varying amounts of renal parenchyma. 
In a normal adult, about 120 to 140 mL of filtrate is formed 
each minute. This rate produces approximately 180 L/day 
of filtrate, which has approximately the same composition 
as plasma, except for protein. The average daily urine 
excretion is approximately 1000 mL (1 L); therefore, ap- 
proximately 179 L of filtrate is reabsorbed. It has been 
suggested that 80% of this reabsorption occurs in the 
proximal tubule, that the absorption of water is in excess 
of solute, and that this relationship determines the final 
concentration of urine that reaches the bladder. Tubular 
reabsorption may be characterized as active or passive. In 
the active form, reabsorption of substances occurs against 
a concentration gradient. Movement of the substance from 
an area of low concentration to an area of high concentra- 
tion requires energy. Passive reabsorption occurs from ar- 


eas of high concentration to areas of low concentration. 
The few plasma proteins that are filtered are usually reab- 
sorbed, probably by an active process. Glucose is an exam- 
ple of a substance that is actively reabsorbed. 

The functional microscopic unit of the kidney is the 
nephron (Fig. 6-81), which consists of the glomerulus and 
proximal tubules in the cortex. It also includes Henle’s 
loop, with a descending limb entering the medullary tissue 
and an ascending limb going back toward the cortex, where 
the distal convoluted tubule is located; finally, it empties 
into the collecting ducts, which again enter the medullary 
tissue and open into the calyx. Approximately 20% of the 
total glomeruli are juxtamedullary and located in the corti- 
cal columns or borders of the medullary pyramid. The 
gross anatomical functioning unit of the kidney is the renal 
lobule. It consists of the medullary pyramid, with its apex 
in the calyx in the region of the renal sinus, its base covered 
by peripheral cortex, and its sides enclosed between the 
renal cortical columns. The collecting ducts that drain the 
nephron perforate a thin cribriform plate over the tip of 
the papilla to gain access to the renal calyx. Thin pericaly- 
ceal muscles extend from the calyces to the tips of the 
pyramids and aid in squeezing urine from the collecting 
ducts into the calyx. 


Retrograde Pyelography 


The retrograde pyelogram is not a physiological study. 
Distortion of anatomy occurs after pressure injections and 


FIGURE 6-80 ° An oblique film of the urogram shows the left ureter 
crossing the calcified iliac artery (arrow), where it becomes the pelvic 
ureter. This region is one of the areas of normal narrowing in the course 
of the ureter. 
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FIGURE 6-81 ° Diagram of the nephron. The cortex contains glomeruli, 
proximal and distal convoluted tubules, and part of Henle’s loop. The 
medullary pyramid contains Henle’s loop and the collecting tubules. 
(©1973 by CIBA-Geigy Corporation. Reproduced with permission from 
Netter FH: CIBA Collection of Medical Illustrations. Summit, NJ, CIBA 
Medical, 1973. All rights reserved.) 


distention of the collecting system (Fig. 6-82). No nephro- 
gram is obtained in a retrograde examination. A retrograde 
study always introduces the possibility of infection and 
trauma through manipulation. It is primarily valuable when 
visualization in the urogram is inadequate or when more 
detail in a specific area of the kidney or ureter is desired. In 
general, retrograde pyelography is not performed without a 
prior urogram. 


Urogram 


The urogram is a physiological study that permits a rough 
assessment of renal function. As opposed to retrograde 
pyelography, it provides an undistorted view of pyelocaly- 
ceal and ureteral anatomy. 

After the administration of contrast medium, which for 
all practical purposes is excreted solely by glomerular fil- 
tration, significant fluid and ionic shifts occur. Serum os- 
molality rapidly increases and causes an influx of water 
from the interstitial space into the blood stream, and blood 
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volume increases as much as 16%. Concurrently, cardiac 
output increases. Simultaneously, the contrast agent rapidly 
diffuses into the extravascular space, 70% disappearing 
within 2 minutes and gradually being re-released into the 
circulation. Hemodynamic changes consist of transient hy- 
potension partially caused by peripheral vasodilatation. In 
addition, pulmonary artery pressure is increased and tachy- 
cardia is present. Electrocardiographic abnormalities are 
also known to occur. These cardiovascular effects are much 
less pronounced with nonionic contrast agents than with 
the ionic agents. The serum calcium concentration may be 
slightly lowered as a result of chelating agents in the con- 
trast preparation. On rare occasion, this decreased calcium 
may lead to clinical tetany. Because of rapid excretion and 
equilibration of the contrast agent, the plasma half-life is 
relatively short, about 30 minutes for bolus injections to 
several hours for drip infusions.* 

Within 20 seconds of a bolus injection of contrast agent, 
a cortical nephrogram normally appears. Its density de- 
pends on the amount and rate of injection of contrast 
material. This cortical nephrogram represents contrast in 
the proximal part of the nephron. The nephrogram pro- 
vides excellent visualization of the renal parenchyma and 
frequently provides diagnostic clues. Passage of the opaque 
medium along the nephron is rapid, with the contrast 
material in the calyces usually visible approximately 2 
minutes after the beginning of the injection. During its 
transit it may be concentrated as much as 50 times and 
produce a relatively dense urogram. Although plasma con- 
trast concentrations are identical for equal doses of sodium 
or methylglucamine salts of ionic contrast media, urinary 
concentration is significantly greater with the sodium salts. 
The basis of this effect is the fact that methylglucamine is 
not reabsorbed from the renal tubule whereas sodium is. 
The net effect is an osmotic diuresis with the methylglu- 
camine agents, which effectively lowers the urinary iodine 
concentration. A further increase in urinary iodine concen- 
tration is provided by the nonionic media by virtue of their 
relatively low osmolality and decreased osmotic diuresis 
while maintaining a high molecular iodine content. 

A kidney that fails to excrete radiographically detectable 
amounts of contrast agent into its collecting system is 
termed nonvisualizing. Although the terms nonfunctioning 
or nonexcreting kidney have been applied to this failure in 
the past, they wrongly imply information that cannot be 
inferred from urography alone and are therefore not rec- 
ommended. 

Urography is the procedure of choice when anatomical 
detail of the calyces, pelvis, or ureter is desired. If renal 
function is sufficient, the urogram usually localizes an ob- 
struction. Its primary uses today appear to be in the areas 
of known or suspected calculi, ureteral obstruction, con- 
genital anomalies, infection, and intraluminal tumors. All 
other things being equal, even in today’s medical environ- 
ment of cost containment, we believe that some situations 
require screening of the entire urinary tract by urography 
or CT, such as in patients with unexplained gross hematuria 
or unexplained repeated pyuria. 

Variations in the excretory system are protean, and both 
radiologists and urologists often have difficulty differentiat- 
ing normal variations from early pathological changes. The 
renal pelvis receives urine from the two rows of anterior 


FIGURE 6-82 ° Retrograde distention. A. Urogram in a man with incomplete visualization of the collecting system. The calyces (arrows) are cupped 
and normal in appearance. B, A retrograde pyelogram, same patient, reveals the typical overdistention of the calyces as a result of the force of injection. 
These calyces should not be interpreted as being overdistended or hydronephrotic. 


and posterior minor calyces, which point anteriorly or pos- 
teriorly, respectively (see Fig. 6-77). Each calyx drains by 
means of an infundibulum to the renal pelvis. Considerable 
variation can be found in the kidneys of different individu- 
als, and the two kidneys in a given individual may or 
may not be symmetrical. Therefore, direct comparisons 
between the two kidneys may not be helpful. 

As previously stated, the right renal pelvis is usually 
located opposite the L2 vertebra and the left renal pelvis 
is usually 0.5 to 1 cm higher. Variations in malposition of 
the kidney in the transverse, longitudinal, and anteropost- 
erior axes of the body are not uncommon. When these 
occur as dominant findings, they are considered congenital 
anomalies. However, minor degrees of change in position 
are frequent and are considered normal variations. The 
following guidelines help assess these variations: 

l. An excursion of up to two lumbar vertebral bodies 
from the mean position of the kidney is considered 
to be within normal limits. Every normal kidney has 
a moderate degree of mobility that usually falls within 
this limit. Displacement of a greater degree is re- 
ferred to as nephroptosis if it is positional and ectopia 
if it is permanent (Figs. 6-83 and 6-84). Ectopic 
kidneys have short ureters, whereas ptotic kidneys 
have a ureter of normal length. Even severely ptotic 
kidneys rarely produce symptoms, although ptosis 
may rarely be associated with obstruction. When 
acute intermittent hydronephrosis of a ptotic kidney 
is associated with colicky-type pain, it is referred to 
as Dietl’s crisis. 

2. Occasionally, a laterally placed kidney is seen without 
a mass causing the displacement; the entire kidney is 
2 or 3 cm more distant from the spine than usual. In 
such cases the upper pole of the kidney may lie lateral 
to the transverse process of T12 to L1. Occasionally, 
the upper pole of the kidney is in normal position but 
the lower pole of the kidney is laterally rotated so 
that the oblique axis of the kidney increases to over 
45 degrees (Fig. 6-85). It is important to recognize 
that these may be normal variations, but one must 


always exclude the presence of a mass displacing 
the kidney. 

3. The kidney may be slightly rotated along its transverse 
axis, in which case the upper pole of the kidney is 
more posterior and the lower pole of the kidney tends 
to fall more anteriorly. The calyces tend to overlie 
each other, and the contour of the kidney becomes 
somewhat circular and is referred to as a “tennis 
ball” kidney (Fig. 6-86). This kidney can be easily 
distinguished by obtaining a lateral film, which will 
show the kidney placed in a more anteroposterior 


as mentioned previously, the side in question should 
always be closest to the film. 

In the anatomical description of the kidney it was stated 
that the renal pelvis may be completely intrarenal, com- 
pletely extrarenal, or a combination of both. Cross-sectional 
imaging has shown that most pelves are partially extrarenal. 
Pelves are obviously extrarenal when they project beyond 
the medial border of the kidney in the urogram (Figs. 6-87 
and 6-88). Nevertheless, pelves may still be extrarenal and 
be positioned anterior to the kidney without projecting 
medially. Large extrarenal pelves may impinge on the psoas 
muscle in the supine position but fall anterior to the psoas 
in the prone position (Fig. 6-89). Occasionally, the entire 
renal pelvis is outside the renal hilus. In such cases the 
infundibula arise from the pelvis outside the kidney and 
penetrate the renal mass individually (“extrarenal calyces”) 
(Fig. 6-90). It is important to not confuse a large extrarenal 
pelvis that has normal calyces with a partially obstructed 
system that has dilated calyces. Approximately 10% of renal 
pelves may be bifid, and less than 0.1% are trifid. 

Numerous variations affect the anatomical arrangements 
at the ureteropelvic junction. The renal pelves may be thin 
and long or broad and flat. They are frequently classified 
into two types: a “funnel” pelvis, which merges impercepti- 
bly into the proximal portion of the ureter, and a “box” 
pelvis, which displays a more definite division between the 
ureter and pelvis. Most pelves fall between these catego- 
ries. In the usual funnel-type pelvis (Fig. 6-91) it is some- 

Text continued on page 206 
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FIGURE 6-83 + Excessive renal mobility (ptosis). A, Patient in the supine position with the left kidney opposite the interspace between LI and L2 
and the right kidney opposite the second lumbar vertebral body. B, Same patient, erect position. The left renal pelvis is now opposite the interspace 
between L3 and LA. The right kidney has descended and rotated with the calyces pointing inferiorly. The right renal pelvis is now opposite the 
interspace between L4 and L5. 


FIGURE 6-84 ¢ High position of the kidneys. A retrograde study shows 
the left kidney and pelvis to be at the interspace between T12 and L1. The 
lower pole of the right kidney (arrows) is opposite the first lumbar vertebral 
body, with the renal hilus either at T12 or above. 
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FIGURE 6-85 ° Laterally placed kidneys. A, The upper pole of the 
right kidney is relatively normally located, but the lower pole is placed 
far laterally, with the long axis of the kidney forming an angle with the 
spine of much greater than 45 degrees (arrows). B, A urogram in the 
frontal projection of a different patient reveals the left kidney to be 
laterally placed. The medial border of the left kidney is lateral to the 
edges of the transverse processes of the vertebral bodies. C, The oblique 
film shows that the kidney is also anteriorly placed. In many patients, 
such abnormal location is due to excessive retroperitoneal fat. 
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FIGURE 6-86 + An IV urogram demonstrating the kidney to be more anteroposterior in position than normal. A, In the nephrogram, the kidney 
appears round in the frontal projection, with the calvces superimposed on each other. B, The lateral film shows the kidney to be rotated on its transverse 
axis. The upper pole is posterior, and the lower pole is anterior. 
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FICURE 6-87 ° Partial extrarenal pelves. The normal rena] pelvis projects anteromedially from the kidney and may therefore be partially extrarenal 
without extending beyond the medial outline of the kidney. Occasionally, a notch within the renal outline is seen where the pelvis projects anteromedially 
through the hilar lip. A, Bilateral partial extrarenal pelves projecting beyond the medial contour of the kidney. Note the notch (arrow) in the right 
kidnev. B, Somewhat larger, bilateral, partially extrarenal pelves. Again, note the notch (arrows) on the superior and inferior surface of the renal pelvis 
of the left kidney, where it protrudes through the hilar lip. 


FIGURE 6-88 »* Partially extrarenal pelvis. A, Excretory urography reveals 
that the right renal pelvis is partially extrarenal. The paravertebral densities 
are from a previous lymphogram. B, Computed tomography reveals the 
pelvis extending through the hilar lip, which is indenting the pelvis in this 
projection (arrow) and dividing the intrarenal from the extrarenal pelvic 
segment. A large extrarenal pelvis should not be confused with an ob- 
structed pelvis. 


FIGURE 6-89 ° A, The extrarenal pelvis extends to and impinges on the 
psoas muscle (arrow) and produces a sharp lateral edge of the pelvis. B, 
Same patient in the prone position in which the pelvis falls anterior to the 
psoas and therefore does not show the impression. 
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FIGURE 6-90 + Completely extrarenal pelves and infundibula. A, The entire pelvis is extrarenal, with the infundibula penetrating the kidney substance 
individually. B, Another example of a completeh extrarenal pelvis with the mfundibula extending from the pelvis outside the kidney into the renal 


substance. Completely extrarenal pelves mav be associated with some degree of renal dysplasia or abnormality of rotati 


FIGURE 6-91 « A, The left renal pelvis is a typical funuel pelvis and lacks clear demarcation of the ureteropelvic junction. The area between the 
pelvis (upper arrow) and abdominal ureter dower arrow! is called the iicteral cone. B, The right renal pelvis is a box-type pelvis with clear 
demonstration of where the ureter begins. 
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times difficult to determine where the ureter begins ana- 
tomically. Radiologists frequently describe this area as the 
ureteral cone, which implies a segment that is functionally 
a ureter but the anatomical demarcation is not clear. In a 
box-like pelvis, drainage is less efficient and some degree 
of pelvic distention may occur. In addition, many variations 
in ureteropelvic attachment are inefficient for function, 
such as ureters that insert rather high into the renal pelvis 
(high insertion of the ureter) and ureters that insert more 
anteriorly or posteriorly into the renal pelvis and not in the 
most dependent position (Fig. 6-92). High insertions may 
be primarily related to anatomical high insertion or second- 
arily related to hydronephrosis or a crossing aberrant vessel 
or band. Such anomalous arrangements tend to lead to 
some degree of stasis and occasionally obstruction and 
infection. 

The pelvis exits from the kidney anteromedially. As a 
pelvis becomes more extrarenal, the infundibula have a 
tendency to insert directly into the renal pelvis, and of 
course, the pelvis dilates (see Figs. 6-87 to 6-90). This 
variation should not be confused with obstruction. The 
dilatation is due to decreased pressure around the extrare- 
nal pelvis and is not accompanied by any calyceal blunting. 
Entirely intrarenal pelves tend to be small, whereas com- 
pletely extrarenal pelves tend to be large. 

Peristaltic activity may change the size and shape of the 
calyces, pelvis, and ureter from film to film (Figs. 6-93 and 
6-94). Peristalsis is active and consists of about four to five 
peristaltic waves per minute. The calyces “milk” the papil- 
lae by contraction of the small pericalyceal muscles. The 


calyces fill, contract, and fill the renal pelvis. The pelvis 
contracts with a continuous peristaltic wave moving down 
the ureter and pushes the urine into the bladder. Complete 
emptying of the kidney several times an hour is an im- 
portant protective mechanism to remove bacteria that may 
be present in the upper tract. Absence of active peristalsis 
(ie., stasis) frequently leads to infection. Although the 
capacity of the renal pelves varies widely, the average is 3 
to 12 mL. The more unusual variations of the pelves and 
calyces, including malrotation, fusion, abnormal insertion 
of the ureter, rotation, and displacement, are discussed in 
Chapter 17. 

Segmentations and duplications of the pelvis and ureters 
are secondary to segmentation of the wolffian duct, which 
forms the collecting system. Renal pelves, as previously 
mentioned, are bifid in approximately 10% of individuals 
(Fig. 6-95). Unusual appearances of segmentation are oc- 
casionally encountered and should not be interpreted as 
abnormalities (Fig. 6-96). The bifid collecting system usu- 
ally has a single upper calyceal segment and multiple lower 
calyceal segments (Figs. 6-97 and 6-98). With complete 
ureteral duplication, the ureter draining the upper renal 
segment enters the bladder ectopically, below the ureter 
draining the lower segment (Meyer-Weigert rule). The up- 
per-segment ureter is prone to obstruction at its bladder 
orifice (stenosis), whereas the lower-segment ureter is 
prone to reflux (Fig. 6-99). Far more unusual are the rare 
trifid pelves and ureters (Figs. 6-100 and 6-101). Up to six 
ureters have been reported to drain one kidney. Various 
types of pelvic segmentation have been reported to produce 

Text continued on page 212 


FIGURE 6-92 + High insertion of the ureter into the renal pelvis leads 
to inefficient drainage and pelvic dilatation. It may be secondary to obstruc- 
tion when the pelvis dilates significantly and the ureteropelvic junction is 
no longer dependent. 
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FIGURE 6-93 ° Peristalsis in the 
kidney. A, The calyces have con- 
tracted and the pelvis is relaxed. B, 
The pelvis has now contracted, and 
contrast material is in the ureter. The 
calyces are beginning to dilate as they 
fill with urine from the nephrons and, 
in a retrograde fashion, with urine 
from the renal pelvis. 
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FIGURE 6-94 ° A, The calyces and renal pelvis are dilated, with the pelvis beginning to empty into the ureter. B. Less than 1 minute later, the calyces 
and pelvis have completely contracted and will now refill with urine. 
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FIGURE 6-95 * Aand B Two examples of bifid renal pelves with a single ureter (duplex kidney). 


FIGURE 6-96 + An unusual example of seg- 
mentation of the right renal pelvis with a bifid 
left renal pelvis. The renal pelvis on the right 
is divided by a thin band of tissue, seen as a 
lucent line on the contrast-filled pelvis. 


FIGURE 6-97 ° A, Double renal pelvis and dou- 
ble proximal ureter joining in the middle third of 
the ureter. B, Double renal pelvis and complete 
duplication of the ureter. In such cases the ureter 
draining the upper moiety enters the bladder be- 
low the ureter draining the lower moiety. The 
upper moiety contains fewer calyces than does 
the lower. 
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FIGURE 6-98 + A, Complete duplication of the collecting system of the left kidney. Two ureters entered the bladder separately. B, A tomogram of 
the left kidney reveals two separate renal hila as shown by the areas of lucency around each renal pelvis separated by a large column of Bertin (arrows) 
protruding into the sinus fat. The left kidney measured 17 cm, approximately 3 cm larger than the right kidney. Duplication of the collecting system is 
one of the most common causes of an enlarged kidney. 
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FIGURE 6-99 ° Bilateral double collecting systems with stenosis of the ureteral orifices of both upper poles producing obstruction. Gross reflux is 
present in both lower poles. A, Urogram showing partial filling of the lower-pole segments of both kidneys without visualization of the upper poles. 
Note that the dilated upper collecting system is compressing the lower collecting system downward and producing a “drooping lily” appearance. B, 
Cystogram showing gross reflux into both lower poles. With duplicated systems, the upper poles tend to become obstructed; the lower poles tend to 
display reflux. 
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FIGURE 6-100 ° A, Triplication of the renal pelvis. A trifid pelvis is seen on the right and a bifid pelvis on the left. B, In a different patient, a trifid 
pelvis on the left is associated with three ureters joining in the proximal third of the ureter. A bifid pelvis on the right joins in the proximal portion of 


the ureter. 


bizarre appearances referred to as compartmentalization 
(Fig. 6-102). These unusual appearances are often associated 
with vascular impressions that appear in underfilled pelves 
in a supine patient and disappear when the pelves are 
totally filled or the patient is in the prone position. 
Anatomy textbooks frequently divide calyces into major 
and minor components. The usual description states that 
three major calyceal systems arise from the renal pelvis, 
each subdividing into three to five minor calyces. This 


definition leads to confusion when applied to clinical cases 
because of numerous variations. Not infrequently, two or 
four or more infundibula (major calyceal systems), each 
leading to single or multiple calyces, arise separately from 
the pelvis (Fig. 6-103B). Infundibula leading to the pelvis 
may be long (see Fig. 6-103A) or short, and in some 
instances calyces appear to arise directly from the pelvis 
because of very short, stubby infundibula (see Figs. 6-103B 
and 6-104). 


FIGURE 6-101 * Triplication of the renal pelves on the left and triplica- 
tion of the ureter. The three ureters join just proximal to the ureterovesi- 
cal junction. 


FIGURE 6-102 e Compartmentalization of the renal pelvis usually 
results from a vascular impression attributable to either a major artery 
or vein. A, The pelvis appears to be segmented in the urogram. B, A 
late film of the arteriogram reveals faint filling of the renal vein (arrow), 
which is producing the segmentation defect. C, A retrograde pyelogram 
with distention of the pelvis does not show the defect. The renal vein 


is displaced by the distended pelvis. 
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FIGURE 6-104 * Aberrant calyx. A calyx arises directly from a main infun- 
dibulum without an identifiable stalk (arrows). (Courtesy of A.J. Palubin- 
skas, M.D.) 


FIGURE 6-103 ° Examples of the differences in infundibula in nor- 
mal kidneys. A, Long tapered infundibula leading to peripheral caly- 
ces. B, Calyces appear to arise directly from the renal pelvis on short 
infundibula. 


For practical purposes we speak of the renal pelvis, and 
all branches from the pelvis, whether single or multiple, 
are termed infundibula. The calyx is the cup receiving the 
tip of the papilla, and the fornices represent the side 
projections of the calyx surrounding the papilla (Fig. 6- 
105). Variations in the outline of the renal pelvis and 
calyces are shown in Figures 6-95 to 6-121. 

The average number of calyces is 7 to 14 per kidney, 
but it may be as low as 4 or 5 or as high as 18 or 19 or 
more (“polycalycosis”) (Fig. 6-106). Some papillae have a 
1:1 ratio of calyx to pyramid. Multiple papillae (two or 
more) draining into a single calyx are referred to as a 
compound calyx (see Fig. 6-70). 

The calyx is a physiologically active unit connected to 
the papilla by thin pericalyceal muscles that contract and 
help drain the collecting ducts into the calyx. The calyx, in 
effect, passes through systolic and diastolic phases in which 
urine is collected into the calyx and propelled forward to 
the renal pelvis (see Figs. 6-93 and 6-94). The fornices of 
the calyx are usually thin and pointed when seen tangen- 
tially (Fig. 6-107). The size of the calyx correlates with the 
size of the papilla that projects into it. The calyces may be 
shallow or deep, narrow or wide. Occasionally, unusually 
large calyces are seen (Fig. 6-108) and may suggest edema 
of the papilla, such as might occur in early medullary 
necrosis, but they usually represent a normal variant. Very 
shallow or small calyces are generally a normal variant 
suggesting small or hypoplastic pyramids (Figs. 6-109 and 
6-110). When calyces are seen end-on, they have a distinc- 
tive en face appearance (see Fig. 6-105). Because the rows 
of calyces project anteriorly and posteriorly, end-on calyces 
are not uncommon. The renal hilus points anteromedially; 
therefore, the anterior calyces are more lateral and the 
posterior calyces are more medial (see Figs. 6-104 and 
6-105). Calyces may occasionally be superimposed and 


FIGURE 6-105 + Symmetry of the infundib- 
ular and calyceal structure bilaterally. Even in 
this instance, differences in the position of 
minor calyces are observed. Total symmetry is 
rarely present. The arrow points to a calyx 
seen end-on. This medially placed calyx is a 
posterior calyx (arrow). 
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present a bilobed appearance (see Figs. 6-108 and 6-111). 
The upper-pole calyces fill best in the supine position 
because the upper pole is more posterior than the lower 
pole. Turning the patient onto the prone position fills the 
lower calyceal system and ureter and tends to empty the 
upper calyceal system (Fig. 6-112). The pyelocalyceal ap- 
pearance in children is similar to that in adults, although 
the ureteropelvic angle in children tends to be more acute 
(Fig. 6-113). 

Because calyces cap pyramids, displacement of the lobes 
(referred to as dysmorphism) places calyces in unusual 
positions (Fig. 6-114). These dysmorphic variations may 
also produce peculiar lobulations or angulations in renal 
contour (see Pseudotumors, later). 


Unusual Variations in Calyces 


Many unusual appearances of calyces bridge the area be- 
tween normal variations and congenital abnormalities. 
These variations result from deviations in the collecting 
system, which is formed by racemose branching of the 
wolffian duct within the metanephros. More detailed dis- 
cussion will be found in the section Congenital Lesions of 
the Kidney in Chapter 17. 


Microcalyces and Macrocalyces. A microcalyx usually 
arises from the fornix of a calyx or two branching infun- 
dibula. If visualized, it is seen as a slender infundibulum 
approximately 1 mm in size with a very small tapered calyx 
at its end (Fig. 6-115). The calyx diameter frequently 
measures only 3 or 4 mm. A microcalyx often does not 
function and is filled by retrograde flow. It has no particular 
clinical significance aside from the fact that it might be 
mistaken for a finding of more consequence such as a 
small cavity. 


Text continued on page 22] 
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FIGURE 6-106 ° Kidney with more than the usual number of calyces 
(“polycalycosis”). The lateral calyces are anterior, and the medial ones are 
posterior. The number of calyces usually relates directly to the number of 
pyramids within the kidney. Compound calyces are present in the midportion 
of the kidney. It is uncommon to see an adult kidney with more than 
15 calyces. 


FIGURE 6-107 + The lower two calyces are visualized tangentially. They 
appear elongated. Note the thin walls representing the fornices of the 
calyces (arrows). 
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FIGURE 6-108 + Examples of large calyces, presumably the effect of large papillac protruding into the cala. These are usually normal variants, 
although they may be seen in diseases that produce edema of the pyramids, such as sickle cell disease, A. Two interpolar calycos are superimposed and 
produce a bilobed appearance. Note the thin fornices of each calyx. B, A bilobed or cleft cah s receiving two pyramids perpendicular to cach other is 
seen in the lower pole of the left kidney. A thin calyceal fornix separates the two. 


FIGURE 6-109 * The calyces visualized in the midportion of the left kidney 
appear small and finely tapered. Presumably, this shape relates to the size of 
the papillae of the pyramids in this region. 
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FIGURE 6-110 e° Variation in the size of 
the collecting system in a normal individual. 
The pelves and calyces are small relative to 
the size of the kidney. A similar appearance 
may be seen in infiltrative diseases that in- 
crease cortical thickness. 


FIGURE 6-111 * Bilobed or cleft lower-pole calyx (arrow). 


` 
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FIGURE 6-112 ¢ Partially obstructed kidney demonstrating differences in filling in the prone and supine positions. A, A supine view shows that 
contrast, which is heavier than urine, has pooled in the superior calyceal system, which is the most dependent. B, A prone view shows that the contrast 
material has moved into the lower calyceal system and proximal end of the ureter. The lower pole of the kidney and the proximal end of the ureter are 
placed more anteriorly than the upper pole of the kidney. Consequently, they fill more readily in the prone position. 


FIGURE 6-113 * Urogram in an 8-year-old child. The pye- 
localyceal anatomy is similar to that of the adult. The uretero- 
pelvic angle approaches 90 degrees on the right. In young 
children the angle tends to be more acute than in adults. 
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FIGURE 6-114 * Dysmorphism. Occasionally, orderly placement of the ante- 
rior and posterior lobes does not occur during renal development, and lobes 
appear in unusual sites. The urogram illustrates abnormal placement of lower- 


pole lobes, which are capped by partially dysplastic calyces. 


B 


FIGURE 6-115 * Microcalyces are related to abnormalities in branching of the wolffian duct, which forms the collecting system. A, Microcalyx 
extending from the forns of a lower-pole cahs avou mto the renal parenchyma. The tiny calyx does not cap a functioning pyramid. It fills by 
retrograde flow Bo \nother example of a microcaly, extending from the fornix of an upper calyx. 


Macrocalyces are large in diameter and depth (see Fig. 
6-108); presumably, the enlargement is secondary to en- 
largement of the underlying medullary papilla. The calyx 
itself is tapered and normal in appearance, although the 
fornices are spread and encircle a widened papilla (see Fig. 
6-108). In most instances this increased size is a normal 
variation, although anything that enlarges the papilla such 
as interstitial edema might produce such a finding. 


Dysmorphism. Occasionally, the renal lobes may be dis- 
placed during formation and may appear in unusual posi- 
tions within the kidney, frequently producing abnormal 
renal contours. The calyces that cap these pyramids will 
also appear in unusual positions. Unless a problem of 
drainage is present and leads to stasis and its complications, 
this variation has no particular significance (see Fig. 6-114; 
see also Figs. 6-157 and 6-158). 


Absent Calyces or Diminished Number of Calyces. Varia- 
tions in the formation of the collecting system may lead to 
bizarre appearances both in the contour of calyces and in 
the number of calyces. If an insufficient number of calyces 
reflecting a deficient number of lobes is present, renal 
function may be affected (Figs. 6-116 and 6-117). 


Infundibular Variations. Numerous variations may occur 
that affect both the size and distribution of infundibula 
within the kidney. Occasionally, diverticular pouches are 
seen in association with what appears to be blind-ending 
infundibular buds (Figs. 6-118 through 6-120). 
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Miscellaneous Variations. Any combination of lobes may 
occur and produce peculiar configurations of calyces. A 
right-angled kidney may occur as a form of lobar dys- 
morphism (Fig. 6-121). In such cases the upper and lower 
lobes meet at right angles. The kidney may appear incom- 
plete unless viewed in the lateral projection. 

In evaluating a normal urogram, in addition to carefully 
assessing renal contour, measuring the length of the kidney, 
and analyzing calyceal structure, the observer should also 
pay careful attention to the thickness of the renal paren- 
chyma. A line drawn through the tips of the papilla (base 
of the calyces), known as the interpapillary line, is a useful 
landmark for evaluating loss of normal renal parenchyma“ 
(Fig. 6-122). The distance from the interpapillary line to 
the lateral cortex of the kidney averages 2.5 to 3 cm and is 
the thickness of the renal lobe. Distances less than 2 cm 
are suggestive of parenchymal loss, and distances greater 
than 3.5 cm are suggestive of mass lesions or interstitial 
infiltration. Parenchyma is thicker in the area of the polar 
regions of the kidney. The distance from the interpapillary 
line at the upper pole of the kidney to the outer edge of 
the upper pole and the distance from the interpapillary 
line of the lower calyx of the kidney to the outer edge of 
the kidney should be between 3 and 3.5 cm. Most im- 
portantly, the distances in both polar areas should be within 
l or 2 mm of each other (see Figs. 6-122 and 6-123). 

The following is a summary of some of the more useful 
guidelines for evaluation of possible abnormalities of the 
collecting system or cortex: 


FIGURE 6-116 * Calyceal dysplasia. A, Deficiency of renal lobes manifested by the presence of only two functioning calyces. The opposite kidney 
also had a calyceal abnormality. Elevated blood urea nitrogen levels did not develop in this patient until 48 years of age. This variant may also be 
viewed as a form of renal hypoplasia. B, Bifid pelvis without any calyces developing from the upper branch (arrow), which is blind ended. 
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FIGURE 6-117 * Abnormal formation of calyces and collecting tubules in the upper 
pole of the right kidney. The upper-pole calyx is abnormal, and numerous collections 
of contrast material are seen in dilated dysplastic tubules. This arrangement represents 
focal dysplasia of the collecting system in the upper pole. 


se Sia D. 
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FIGURE 6-119 ° Infundibular variations. A, Blind-ending infundibulum (arrow! ansing in the midportion of the kidney. B. \ blind-ending diverticulum 
is seen in the upper segment of the bifid pelvis in the left kidney (arrow). 


FIGURE 6-120 * A microcalyx is seen arising from the fornix of an 
adjacent calyx (arrow). This developmental anomaly is related to the 
wolffian duct. 
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FIGURE 6-121 + “Righi Rr kidney. A, A retrograde pyelogram with good filling of the collecting system fails to aie ies upper eee of the 
right kidney. B, A Dren film shows that the right upper pole extends directly posteriorly and is therefore invisible in the frontal view. This form of 


lobar dysmorphism produces a right-angled kidney. 


FIGURE 6-122 e Interpapillary line. A diagram illustrates the interpapillary line 
drawn through the bases of all calyces. The distance from the nonpolar calyces to 
the lateral surface of the kidney is fairly constant. Polar distances are greater, but 
in a particular kidney they are usually equal (see the text). The interpapillary line 
is useful as a guide for judging normal renal corticomedullary thickness. 


i 
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FIGURE 6-123 œ» Patient with atrial fibrillation and embolic renal in- 
farction. Loss of parenchyma is marked in the region of the lower pole 
of the left kidney (arrows), with the lower-pole calyx extending to the 
outer margin of the kidney. 


1. Measurement of cortical thickness, discussed earlier. 

2. Bizarre calyceal appearances may occur in the upper 
and lower poles from compound calyces. Vascular 
impressions mimicking true filling defects may cross 
the infundibula (see later discussion). 

3. Calyceal and pelvic contours change with peristaltic 
activity. On any single film, such change may simu- 
late abnormality. 

4. Considerable variation may be found in the degree 
of obliquity of the renal pelvis. The renal pelvis 
tends to be more right angled in young children (see 
Fig. 6-113). Any ureteropelvic junction in adults 
with an angle 90 degrees or greater should suggest 
possible mass displacement. 

5. The long axis of the kidney usually runs in the same 
inclination as the psoas muscle, with the upper pole 
of the kidney closer to the spine and the lower pole 
farther away. Abnormality should be suspected if the 
long axis of a kidney runs either vertically or more 
than 45 degrees from the vertical. This inclination 
may occur normally in laterally placed kidneys (see 
Fig. 6-85). (In the section Congenital Anomalies, 
malrotations of the kidney on its long axis, transverse 
axis, and anteroposterior axis are considered in de- 
tail.) 

6. Approximately 10% of young children and 4% of 
older children and adults have single or multiple 
indentations of the lateral cortex of the kidney that 
represent persistent fetal lobations. The indentations 
(valleys) occur at the rena] columns (columns of 
Bertin) at sites of fusion of the renal lobules (see 
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Fig. 6-64). Lobations are usually easily distinguished 
from the scarring that occurs from infection overly- 
ing the calyx. 

7. A common variation in contour on the left side is 
the splenic impression and dromedary hump. An 
impression represents pressure of the splenic border 
along the lateral upper half of the renal contour. A 
dromedary hump represents a bulge at the end of 
the splenic impression, where the kidney reverts to 
its normal convexity (Fig. 6-124). 


URETER 


The course and relationships of the normal ureter have 
been described previously (Fig. 6-125; see also Figs. 6-79 
and 6-129). Variations in the appearance of the ureter may 
mimic abnormalities. The following are useful diagnostic 
aids when evaluating the ureter: 

1. The ureter is normally compressed as it crosses the 
iliac vessels (see Fig. 6-80). In some individuals the 
proximal dilatation may mimic an obstruction. In 
such instances it will be noted that changes occur 
from film to film, that the pelvis and calyces are not 


FIGURE 6-124 + Dromedary hump. Flattening of the upper two-thirds 
of the lateral border of the left kidney, most likely from splenic pressure, 
is producing a dromedary hump. This pseudotumor is associated with 
multiple fetal lobations in the lower third of the lateral renal contour. 
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FIGURE 6-125 + The normal proximal half of the left ureter crosses over 
the transverse processes of the vertebral bodies and lies lateral to the pedicles. 
The normal right ureter is slightly more medially placed (L4) than usual. 


dilated, and that no delay in emptying is seen on the 
prone or erect film. 


. Peristaltic activity, redundancy, or crossing vessels 


may simulate areas of narrowing or stricture (Figs. 
6-126 to 6-128). 


. The ureter is usually within 1 cm of the outer edge 


of the transverse process (see Fig. 6-125). Although 
this location is variable, a ureter over 1.5 cm lateral 


to the margin of the transverse process is suspected 
of abnormality. However, the ureter may be bowed 
laterally by the psoas muscle, especially in muscular 
individuals (see Fig. 6-129). 


. Marked respiratory movement or moderate renal 


ptosis may produce kinks or angulations of the ureter 
(see Fig. 6-73). 


5. Contrast media may produce diuresis sufficient to 


T 


FIGURE 6-126 •° Examples of ureteral redundancy (“kinks”). A, Visualization of the ureter end-on as it courses in the anteroposterior direction 
produces increased density simulating a dense calculus. B, Kinking of the ureter with redundancy but no obstruction. In the anteroposterior projection, 


two proximal ureter segments are superimposed by the redundancy (arrow). 


FIGURE 6-127 ° Folds or webs in the ureter. In infants and young children, mucosal redundancy is common, with the appearance of folds or webs 
within the ureter. They do not behave as valves and do not produce obstruction. A, A linear bandlike lucency across the proximal end of the ureter of 
this 3-year-old child probably represents a mucosal fold. B, Multiple mucosal folds are visualized in the ureter of an infant. 


simulate dilatation of the entire ureter (see Fig. 6- 
11). 

6. A “jet sign” may be seen through the mixture of 
urine and contrast in the bladder. This sign repre- 
sents concentrated contrast material ejected from 
the ureteral orifice by peristalsis that is seen passing 
obliquely through the less dense contrast material in 
the urinary bladder (Fig. 6-130). The jet sign can 
easily be distinguished from ureteral ectopia in that 
the jet crosses the midline whereas ectopic ureters 
do not. 

7. Because of x-ray beam divergence, the distal ends 
of the ureters may appear to insert abnormally low 
in the prone position and should not be mistaken 
for ectopic ureters. 


8. A ureter that crosses medial to a pedicle is usually 


FIGURE 6-128 « Redundancy of the pelvic ureter is shown (arrow). 


abnormally displaced (Fig. 6-131). A ureter crossing 
over a pedicle is suspect. 

9. A ureter that is concave laterally in the pelvic area 
is usually abnormal. A straight ureter with a convex 
mate is suggestive of abnormality. If both pelvic 
ureters are straight (i.e., no convexity or concavity) 
and are not medially displaced, they may be normal. 
The usual causes of concavity and medial displace- 
ment of a single ureter in the pelvis include a blad- 
der diverticulum (see Fig. 6-28A), enlarged hypo- 
gastric nodes, or aneurysmal dilatation of the 
hypogastric artery (Fig. 6-132). The usual causes of 
medial displacement of both pelvic ureters include 
retroperitoneal fibrosis, pelvic lipomatosis, and ab- 
dominoperineal surgery (Fig. 6-133). 

10. A ureter that remains completely filled in all films, 
even though it is not significantly dilated, is sus- 
pected of minimal ureterovesical obstruction, possi- 
bly a small calculus. 

11. A distended urinary bladder may cause abnormal 
ureter fullness. 


THE NEPHROGRAM 


A nephrogram is the opacification of the renal parenchyma 
after the administration of contrast medium. 

The normal nephrogram can be divided into two major 
phases, the vascular and excretory nephrograms, that blend 
with each other in vivo in an imperceptible manner. 


Vascular Nephrogram 


Historically, a pure vascular nephrogram can be obtained 
by the injection of a material such as thorium dioxide 
(Thorotrast), which fills the vascular structures but is not 
excreted by the kidney. The vascular nephrogram appears 
about 10 to 15 seconds after the initial injection and disap- 
pears within several seconds depending on the amount of 
contrast medium used, the speed of delivery, and the state 


FIGURE 6-129 * A, Bowing of the proximal end of the ure- 
ters laterally. This appearance suggests that the ureter is caught 
on the outer margin of a prominent psoas muscle. The ureter 
crosses over the psoas in the region of the L4 vertebral body. 
B and C, Another example of bowing of the left ureter on the 
edge of a prominent psoas. B, The distal segment of the bowing 
is visualized on the urogram. C, A computed tomographic scan 
shows the right ureter to be in normal position with the left 
ureter (arrow) resting on the outer edge of the psoas muscle. 


FIGURE 6-130 + A, Lreteral jet (arrow? traversing obliqueh through the bladder and impinging on the opposite wall. This pattern is a manifestation 
of ureteral peristalsis. 


FIGURE 6-131 * Deviation of the ureter medial to the vertebral pedicle. 
A urogram shows deviation of the right ureter (dotted lines) medial to the 
pedicle of L5 secondary to a retroiliac ureter. 
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FIGURE 6-132 * Aneurysmal dilatation of 
the right hypogastric artery displacing the right 
ureter medially (large arrow). A similar, but 
less dramatic impression of the left hypogastric 
artery is present on the left ureter (small 
arrows). Faint calcifications of the hypogastric 
artery are seen at those sites. 
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FIGURE 6-133 * Medial position of both ureters (arrows) after abdomi- 
nal perineal surgery for carcinoma of the rectosigmoid. The ureters tend 
to fall medially after dissection and reperitonealization of the posterior 
peritoneum. 


of renal blood flow (Fig. 6-134). The vascular nephrogram 
therefore refers to the radiodensity of the kidney caused 
by opacified blood within the renal circulation. It is best 
seen during selective renal artery injection during angiogra- 
phy. If the usual contrast media are used for urography 
and angiography, the vascular nephrogram is a transient 
and minor part of the total nephrogram and rapidly gives 
way to the excretory nephrogram as the contrast medium 
is collected in the renal tubules. 


Excretory (‘Tubular’) Nephrogram 


The nephrogram observed during urography is almost en- 
tirely caused by the accumulation of contrast medium 
within the lumen of the tubules as a result of glomerular 


A 


filtration and tubular concentration. Therefore, the density 
of the nephrogram will depend on the plasma concentra- 
tion (amount of contrast given and the length of time over 
which it is given), the glomerular filtration rate, the number 
of functioning nephrons, the volume of the individual 
nephron, and the ability of the kidney to concentrate the 
contrast medium within the tubule by water reabsorption." * 
In a given injection, the concentration of contrast medium 
in the filtrate depends primarily on the plasma concentra- 
tion of the contrast medium, the only variable in the afore- 
mentioned factors. Therefore, the nephrogram is dose de- 
pendent. Sixty percent to 80% of water reabsorption occurs 
in the proximal tubule and is closely related to the reab- 
sorption of sodium. It is to some extent time dependent; 
the longer the filtrate is in contact with the proximal tubule 
wall, the more water will be reabsorbed. The remaining 
amount of water reabsorption occurs in the distal tubule 
and is controlled mainly by antidiuretic hormone.*® Obvi- 
ously, in the context of renal density, proximal reabsorption 
is much more significant in regard to the intensity of the 
nephrogram (see Fig. 60-8). Contrast may be visualized in 
the nephron within 30 seconds after injection. Depending 
on the volume and the length of time over which it is 
delivered, the nephrogram may last 30 minutes or longer. 
In most instances, the excretory nephrogram is most in- 
tense during the first few minutes after injection. The 
excretory nephrogram may be prolonged by drip infusion 
technique or by using multiple large doses of contrast 
medium (see Fig. 6-134; see also Figs. 6-8, 6-15, and 6- 
20). 


Abnormal Nephrograms 


Of the many causes of abnormal nephrograms, only a few 
will be described here.™® The characteristic of a nephro- 
gram is frequently helpful during the diagnostic study. 
Nephrograms of increased density may be subclassified into 
those increased immediately after injection and those 
slowly producing an increased nephrogram over a pro- 
longed period. Nephrograms of decreased density usually 


FIGURE 6-134 * Bolus nephrogram. A, A tomogram exposed 1 minute after bolus injection of contrast shows bilateral dense nephrograms. B, A film 


5 minutes after injection shows rapid disappearance of the nephrogram. 


result from impaired renal function or blood flow. The 
following is a list of some of the more important causes of 
increased and decreased nephrograms: 


A. Increased nephrogram 
1. Obstructive nephrogram 
a. Extrarenal obstruction (see Figs. 6-48, 6-137, 


and 6-138) 
b. Intrarenal obstruction (see Figs. 6-139 and 6- 
140) 
2. Hypotensive nephrogram (shock) (see Figs. 6-141 
and 6-142) 


3. Renal vein thrombosis (see Fig. 6-143) 

4. Acute tubular necrosis (Fig. 6-135) 
B. Decreased nephrogram 

1. Chronic renal failure (see Fig. 6-144) 

2. Renal artery occlusion 

3. Renal transplant rejection 

4. Renal infection (Fig. 6-136; see also Fig. 6-35) 
The following classification is adapted from that of Fry and 
Cattell®: 


Immediate, Dense, Persistent Nephrogram 


Acute Tubular Necrosis. The density of the nephrogram is 
maximal at the end of injection, similar to that seen in 
normal subjects, but it may persist unchanged for hours or 
even days (see Fig. 6-135; see also Fig. 6-122), presumably 
because of disruption of the tubular structures secondary 
to acute tubular necrosis with contrast extravasating into 
the parenchyma. Although little or no urine is produced, 
circulation of urine occurs via the lymphatics and renal 
veins. A few reports have described an immediate, dense, 
persistent nephrogram in acute suppurative pyelonephritis, 
which again is believed to be due to disruption of the 
tubular structures and perhaps tubular blockage by pus and 
casts. This nephrogram is frequently patchy and irregular in 


hi 


Excretory Urography «*-* 231 


appearance (see Figs. 6-35 and 6-136). In most cases of 
acute infection, a faint nephrogram is seen. 


Increasingly Dense Nephrogram 


Acute Extrarenal Obstruction. Acute extrarenal obstruc- 
tion is the common type of obstructive nephrogram and is 
usually secondary to a calculus in the ureter with a progres- 
sive increase in parenchymal opacification over minutes or 
hours (see Fig. 6-48). The nephrogram may be most in- 
tense from 2 to 24 hours after urography (Fig. 6-137). 
Nephrograms that become intense relatively early usually 
signify that calyceal filling will occur if delayed films are 
obtained. In acute obstruction the nephrogram may be 
intense enough to visualize clumps of nephrons within the 
kidney. This striated pattern has been termed “medullary 
rays” (Fig. 6-138). Although the intensity of the nephro- 
gram is greatest in complete obstruction, some increase in 
density will be noted even in complete obstruction, proba- 
bly secondary to continued reabsorption of water and salt 
and lymphatic transport of urine. 


Intrarenal Obstruction. Intrarenal obstruction is usually 
bilateral. The nephrogram gradually becomes increasingly 
dense over a period of minutes to hours. The most common 
causes are precipitation of either Tamm-Horsfall protein 
or crystals (uric acid, insoluble sulfas) in the tubular lumens 
(Figs. 6-139 and 6-140). Tamm-Horsfall proteinuria with 
precipitation of protein in the nephron is seen in dehy- 
drated children and in dehydrated patients with myeloma 
or debilitating diseases. Uric acid precipitation occurs most 
commonly in lymphoproliferative diseases but also in gout 
or after the administration of potent uricosurics. As tubular 
blockage develops, a progressively denser nephrogram is 
seen. It is presumed that the increasingly dense nephro- 
gram is produced by continuing minimal glomerular filtra- 
tion with stasis of fluid within the nephron. The prolonged 


FIGURE 6-135 * Nephrogram of acute tubular necrosis (ATN). A, Immediately after injection, patchy irregular nephrograms are present bilaterally 
with slightly increased density in the peripheral cortices. The nephrograms persisted for 4 hours before fading. B, A second case of ATN with a 
persistent nephrogram at 15 minutes. The nephrogram was still visible at 24 hours. 
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FIGURE 6-136 ° Striated nephrogram in acute bacterial pyelonephritis. A, Intrave- 
nous urogram in a 33-year-old diabetic woman with acute sepsis. The left kidney is 
normal. The right kidney is large with a faint nephrogram. Calyces were not 
visualized. B, The nephrogram after renal arteriography shows patchy striated areas 
of contrast in the renal parenchyma. The lucent areas represent nonvisualized 


nephrons obstructed either by pus or by vascular spasm. 


contact with the nephron allows increased reabsorption of 
water from the filtrate, which concentrates the contrast 
medium as well as causes slight dilatation of the tubules; 
both factors increase the intensity of the nephrogram. The 
collecting structures are not commonly visualized. The 
process is usually reversible, but occasionally permanent 
dialysis is required. 

Intratubular obstruction rarely occurs in hydrated pa- 
tients, which is another reason for not dehydrating patients 
before urography. Acute renal failure may develop in azo- 
temic patients, especially diabetics, after the administration 
of contrast medium. The exact mechanism is not known, 
and adequate hydration does not always prevent the renal 
shutdown. These patients may have an increasingly dense 
nephrogram. In all patients whose renal failure is due to 
intratubular obstruction, the kidney tends to enlarge during 
the examination. When compared with the scout film, renal 
length may be increased by as much as 1 to 2 cm, presum- 
ably because of dilatation of individual tubules and edema 
within the kidney itself. In the absence of alternative expla- 
nations, a bilateral nephrogram that persists beyond 30 
minutes in any patient should be taken as warning of a 
possibly developing renal insufficiency. 


Hypotension. Patients with hypotension may have increas- 
ingly dense bilateral nephrograms without visualization of 
the collecting structures during the hypotensive episode 
(Figs. 6-141 and 6-142). As soon as blood pressure returns 
to normal, the nephrogram rapidly fades and a urogram 
appears. Hypotension is usually caused by either a reaction 
to the contrast medium or shock from some other cause 
(ie., trauma). The sudden drop in blood pressure results 
in a severe reduction in glomerular filtration and leads 


to stasis within the tubules. Salt and water reabsorption 
continues, with contrast medium concentrated in the tu- 
bules. In the previously described prolonged nephrogram 
seen with protein or crystal precipitation, the kidney was 
enlarged. In hypotension, the kidneys are usually smaller 
during the episode of hypotension because of the reduction 
in blood flow. If hypotension occurs during the study (reac- 
tion to contrast material), the first film may show normal 
excretion and later a bilateral hypotensive nephrogram will 
appear. Similar nephrograms have been reported to de- 
velop on a unilateral basis in patients with ischemia, usually 
in those with hypertension, in whom a unilaterally in- 
creased nephrogram occurs because of a marked reduction 
in glomerular filtration on the side of severe ischemia. 


Acute Renal Vein Thrombosis. Acute renal vein thrombosis 
may result in a unilateral or bilateral nephrogram increas- 
ing in density over several hours (Fig. 6-143). It has been 
suggested that a reduction in renal perfusion may be sec- 
ondary to increased intrarenal venous pressure, which may 
produce the dense nephrogram similar to that found in 
patients with ischemia, or that edema of the kidney may 
cause intrarenal compression of the tubules by interstitial 
edema. The mechanism has not been accurately defined. 


Acute Renal Failure. Occasionally, acute renal failure and 
acute glomerular disease may initially produce an increas- 
ingly dense bilateral nephrogram. In this group the mecha- 
nisms are not well understood, and the type of nephrogram 
that may occur is not predictable. Although nephrographic 
patterns in renal disease are an interesting pathophysiologi- 
cal phenomenon, they are rarely of enough diagnostic value 
to justify the use of contrast media in cases of known or 
suspected renal disease. 
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FIGURE 6-137 + Acute ureteral obstruction secondary to calcu- 
lus. A, B, and C, respectively, are 5 minutes, 30 minutes, and 9 
hours after injection of contrast medium. Note the progressive 
incremental increase in opacification typical of an obstructive 
nephrogram. Calyces may fill in minutes to hours after the nephro- 
gram appears. 
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FIGURE 6-138 ° Acute obstructive nephrogram showing calculus in the ure- 
ter. Marked intensity of an obstructive nephrogram is obtained 20 minutes 
after contrast medium injection. Note the fine linear striations (medullary rays), 
best seen along the lateral and inferior aspects of the kidney. These striations 
represent groups of nephrons containing high concentrations of contrast me- 
dium that are separated by areas of interstitial edema. 


B 
FIGURE 6-139 * A A dehydrated 6-month-old bov received an injection of contrast medium for a urogram. A 5-hour film reveals a persistent 
nephrogram with huge kidneys, markedly enlarged in the scout film. The obstruction is not complete, as revealed by contrast medium in the bladder. 
The obstruction probably attributable to Tamm-Horsfull proteinuria, lasted for 24 hours and was followed by a brisk diuresis. B, A repeat urogram 


obtained 2 months later when the patient was well hydrated reveals normal kidneys, about 35% smaller than in the obstructed state. 
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FIGURE 6-140 e Intratubular uric acid precipitation. A 35-year-old man with Ivmphoma received an injection of contrast medium The patient had 
hyperuricemia. Uric acid crystals precipitated within the nephron and produced a complete renal block. A 5-minute urogram film + \' and the 60- 
minute film (B) reveal increasingly dense nephrograms with swollen and enlarged kidneys. The calyces are not visualized. The patient underwent 
diuresis 48 hours later. 


FIGURE 6-141 * Hypotensive nephrogram. Hypotension after 
injection of contrast medium. The patient received 50 mL of 
contrast after the scout film (A). A hypotensive episode followed 
and lasted approximately 10 minutes. A film taken at 8 minutes 
(B) shows bilateral persistent nephrograms without evidence of 
calyceal filling. The kidneys are now slightly smaller. After restora- 
tion of blood pressure, a 15-minute film (C) shows good calyceal 
filling. Both kidneys have increased in size by about 1.5 cm. 
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Faint or Decreased Nephrogram 


Many conditions may produce a decreased or absent 
nephrogram (Fig. 6-144), among which are chronic renal 
failure, renal artery occlusion, renal transplant rejection, 
acute bacterial pyelonephritis, and long-standing renal ob- 
struction. 


Pyramidal Blush 


In normal and abnormal conditions, contrast in the collect- 
ing ducts of the pyramid may produce a blush or fan effect, 
particularly when large doses of nonionic contrast medium 


FIGURE 6-142 « A 5-year-old boy who was ad- 
mitted after an automobile accident. Although 
conscious, he was markedly hypotensive. The 10- 
minute film after contrast medium injection shows 
a bilaterally persistent nephrogram related to his 
hypotensive episode. 


are administered? (Fig. 6-145). This blush can be simply 
classified as follows: 

1. Normal: pyramidal blush (caused by large doses of 
contrast media, particularly nonionic, and/or compres- 
sion of the ureters) 

2. Abnormal: obstruction (pyramidal blush, medullary 
rays), medullary sponge kidney (tubular ectasia) 

Normal pyramidal blush has no clinical significance and 

in fact frequently signifies a well-functioning kidney with 
good concentrating ability. It does not represent pyelotubu- 
lar “backflow,” which cannot be recognized on excretory 
urography. Normal tubular blush is increased by ureteral 
compression, which in effect is creating a partial obstruc- 
tion (see Fig. 6-145). Medullary sponge kidney, which is 


FIGURE 6-143 + Nephrogram in renal vein thrombosis. A, Left renal vein thrombosis demonstrating spidery infundibula and notching of the pelvis 
as a result of collateral venous drainage. Retrograde opacification of the left renal vein was attempted. B, A 10-minute urogram in a second patient with 
renal vein thrombosis shows a mottled, faint nephrogram with minimal calyceal filling. 
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FIGURE 6-144 + Chronic renal failure in a 
middle-aged man with chronic glomerulone- 
phritis. After administration of a large bolus 
of contrast medium, the nephrogram is faint 
bilaterally without definition of the cortex 
or medullary tissue. The kidneys are slightly 
smaller than normal. No evidence of calyceal 
opacification is apparent. 


discussed under Cystic Disease, produces a somewhat simi- 
lar appearance caused by ectasia of the collecting system 
and may be present with or without associated intraductal 
calculi. Severe cases of medullary sponge kidney are easily 
defined (Fig. 6-146). In the more minimal case it may be 
difficult to differentiate a medullary sponge kidney from 
pyramidal blush. A good rule of thumb is to report medul- 
lary sponge kidney only when the observer can distinguish 


individual, defined, linear, radiating, contrast-filled ducts 
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(“brush” appearance) greater than 0.3 mm in diameter.'*® 
In obstructive lesions, particularly in acute obstruction, 
groups of nephrons become dilated and produce long, 
linear, radiating, contrast-filled ducts in the pyramid and 
through the thickness of the cortex. These ducts have been 
defined as medullary rays and simply represent dilated 
nephrons after acute obstruction (see Fig. 6-138). They 
are not usually confused with pyramidal blush or sponge 
kidney.” 


FIGURE 6-145 «+ Pyramidal blush. It is not uncommon to see contrast 
within the papilla and pyramid of the normal kidney as an area of increased 
density or “blush.” This feature is especially notable with tight ureteral 
compression. 


FIGURE 6-146 + Medullary sponge kidney (tubular ectasia). A, Ectasia of the collecting ducts produces a linear (“brush”) pattern in the papilla and 
proximal pyramid in which groups of collecting ducts can be individually distinguished. B, The process is more advanced. Small] cystic areas can be 
distinguished in the regions of the collecting ducts containing contrast medium. 


Sinus Lipomatosis 


A varying amount of fat and fibrous tissue is always present 
within the renal sinus and extends around the hilum and 
around the infundibula to the calyces. It is more prominent 
in patients with duplicated renal pelves and extrarenal 


pelves (see Fig. 6-98). The fatty/fibrous tissue is usually 
bilaterally symmetrical (Fig. 6-147). It is best visualized in 
tomograms of the urogram and by CT. Fibrolipomatosis of 
the sinus is part of the normal aging process. When the 
fatty/fibrous tissue increases, the renal pelvis may appear 
slightly compressed and the infundibula appear elongated, 


FIGURE 6-147 * Sinus lipomatosis. A, A tomogram of the urogram demonstrates 
extensive sinus fat around the renal pelvis. The fat infiltrates around the infundibula 
and peripheral calyces. B, A computed tomographic scan through the midportion 
of the kidneys shows a large amount of fat infiltrating into the renal pelvis, which 
is continuous with the perirenal fat. The fat has caused thinning of the infundibula. 
Note the small right-sided posteromedial renal cell carcinoma with an associated 
renal hilar metastatic nodal mass. 


stretched, and spread apart. The calyces are thin and fre- 
quently “trumpet-like” in appearance. At times the defor- 
mity is sufficient to suggest the presence of one or more 
parapelvic cysts, a distinction that can be readily made by 
means of CT or by ultrasonography. In fact, many cases 
previously thought to represent sinus lipomatosis may actu- 
ally represent parapelvic cysts or localized urinomas. The 
following is a simple classification of increased renal sinus 
fat: 

A. Symmetrical: 

1. Obesity. Obesity is the most common cause of in- 
creased sinus fat and may cause increases or de- 
creases with changes in weight of the individual. 
Bilateral increases in sinus fat may also be seen in 
patients taking steroids. 

2. Renal senility. Aging produces gradual atrophy of 
the renal parenchyma, which is replaced by fat in 
the inner aspects of the kidney. Like obesity, this 
replacement is relatively symmetrical bilaterally. 

B. Asymmetrical sinus lipomatosis: 

1. Infection. Chronic infection, particularly when asso- 
ciated with calculi, tends to produce asymmetrical 
increases in sinus fat and fibrous tissue after the 
destruction of parenchyma (Fig. 6-148). The pro- 
cess, which is also termed replacement fibrolipo- 
matosis, is usually unilateral and may occur in 
younger individuals.” Occasionally, increased fat and 
fibrous tissue may simulate a renal mass (Fig. 6- 
149). 


Renal Hyperplasia and Hypertrophy 
Compensatory renal growth usually occurs as a response to 


renal loss. Growth may occur either by hyperplasia (growth 
of new cellular elements) or by hypertrophy (enlargement 
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of existing elements). In the newborn, compensatory renal 
growth consists of both hyperplasia and hypertrophy. In 
children and adults, compensatory growth is basically hy- 
pertrophy with dilatation occurring primarily in the proxi- 
mal convoluted tubules. Duplication of the renal pelvis and 
compensatory renal hypertrophy are among the common 
causes of a unilaterally enlarged kidney. In children born 
with unilateral renal agenesis or multicystic dysplastic kid- 
ney, compensatory growth of the contralateral kidney will 
usually produce a unilateral renal mass approximately equal 
to the total renal mass expected in that infant by the 
age of 12 to 18 months (Fig. 6-150). Children who have 
nephrectomies for Wilms’ tumor show rapid compensatory 
growth for approximately 2 years after the kidney is re- 
moved. Compensatory renal growth is therefore most 
marked in an infant, is less in a child, and is minimal in a 
middle-aged adult (Fig. 6-151). If total renal function is 
threatened (i.e., loss of 75% of the functioning renal paren- 
chyma), hypertrophy will occur at any age (obligatory hy- 
pertrophy), although it is not necessarily radiographically 
detectable. 

Compensatory growth in the contralateral kidney is 
probably hormone mediated, possibly resulting from reno- 
tropin secretion, and represents an attempt to maintain 
renal mass and function.” Renotropin is a serum factor 
capable of undergoing dialysis that stimulates functional 
and structural elements within proximal convoluted tu- 
bules. 

Factors reported to stimulate renal growth of the contra- 
lateral kidney include congenital (renal agenesis and 
multicystic kidney), physical (nephrectomy and ureteral 
ligation), and chemical (acidosis, thyroxine, testosterone, 
growth hormone, and mineralocorticoids) factors. 

In severe focal renal disease (i.e., bilateral pyelonephri- 
tis), islands of remaining normal tissue may hypertrophy 


mass impression and partial obliteration of the right calyceal structures. B, Nephrectomy specimen showing massive lipomatosis replacing renal 
parenchyma centrally. This degree of fatty infiltration is beyond that seen with ordinary sinus lipomatosis. When associated with loss of renal parenchyma, 
this entity has been termed replacement fibrolipomatosis. (Courtesy of Morton Bosniak, M.D.) 
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FIGURE 6-150 + Compensatory hypertrophy in a 
patient with contralateral renal dysplasia. The right 
kidney is multicystic with calcification (arrow). The 
left kidney measured 18 cm. The kidney is approxi- 
mately 50% longer than would be expected, and the 
renal mass is probably close to twice that of the 
average normal kidney. Compensatory hypertrophy 
is greater the earlier in life that it occurs. 


FIGURE 6-149 « Sinus fibrolipoma- 
tosis manifested as a renal mass. A, 
Urogram in a woman with a history of 
repeated urinary tract infections. The 
calyces are dilated and she had clinical 
and radiographic evidence of pyelone- 
phritis. B, A repeat urogram 1 year later 
reveals a mass impinging on the pelvis 
and upper infundibulum (arrow). At 
surgery, this mass represented asym- 
metrical proliferating sinus fat second- 
ary to the chronic low-grade infection. 
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FIGURE 6-151 * Compensatory hypertrophy. A, A 55-year-old man with left renal cell carcinoma. The right kidney measures 13.8 cm in length and 
6 to 7 cm in width. B, Nine years postnephrectomy the length of the right kidney measures 15 cm. Note as well the increase in transverse diameter to 
7.5 cm. Compensatory hypertrophy is minimal if overall renal function is not threatened in a middle-aged or older adult. 


and simulate mass lesions of the kidney. This condition is 
discussed in the next section (see Figs. 6-161 and 6-162). 


Pseudotumor 


Pseudotumor refers to normal renal tissue that may mimic 
an abnormal mass. The term is not applied to cysts, hemor- 
rhage, abscess, hydronephrosis, or other specific abnormal 
lesions of the kidney. Pseudotumors have been reviewed 
thoroughly by Feldman and colleagues.*® 


Congenital Pseudofumors 


Column of Bertin. A prominent thick column of Bertin 
projecting into the renal sinus can produce deformities of 
adjacent calyces and infundibula and an intense “stain” on 
the nephrogram (Figs. 6-152 and 6-153). This form of 
pseudotumor is the most common and generally occurs in 
patients with bifid or duplicated renal pelves, and it is 
characteristically located at the junction of the upper and 
middle thirds of the kidney (Fig. 6-154; see also Fig. 
6-152). It does not produce any bulge on the outer cortex. 
The radiographic appearance includes the following: 
l. Urogram. Usually a double or bifid renal pelvis is 
seen, with displacement and compression of one or 


more calyces at the junction of the middle and upper 
thirds of the kidney. 

2. Nephrogram. A dense blush in a masslike nodule of 
cortical tissue appears and fades at the same time as 
the cortical nephrogram. Because it projects into the 
renal sinus, it is usually surrounded on its medial, 
superior, and inferior aspects by a radiolucent halo of 
sinus fat (see Fig. 6-152). 

3. Angiogram. Displacement of normal vessels is seen 
without any neovasculature. 

Most pseudotumors can be easily diagnosed from the 
nephrogram; however, if the diagnosis is not clear, the 
simplest study is to perform a radionuclide renal scan. If 
the lesion is over 2 cm in size, the scan will show that it is 
composed of normally functioning tissue (see Figs. 6-39 
and 6-154). If the lesion represents tumor, the area will be 
identified as a photopenic defect in the scan (see Fig. 
6-41). CT and MRI are more expensive, but equally reli- 
able methods of confirming the diagnosis. They are best 
used only in equivocal cases. 


Suprahilar or Infrahilar Bulges. The suprahilar and in- 
frahilar areas frequently have an overgrowth of normal 
parenchyma that may mimic a mass just above or below 
the hilus (Figs. 6-155 and 6-156). Infrahilar bulges appear 
to be more common than suprahilar ones. Large hilar 
pseudotumors may occasionally be associated with an ac- 
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FIGURE 6-152 * Column of Bertin pseudotumor, typical appearance. A, A urogram shows distortion of the calyces of the upper calyceal system. B, 
A tomogram shows a large column of Bertin projecting between the upper and middle calyceal system and displacing the calyces medially. A halo can 
be seen around the central two-thirds of the column where it presses into the sinus fat (arrows). 
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FIGURE 6-153 * Middle-aged man with microscopic hematuria. A, The urogram shows displacement of the upper and middle calyces in the middle 
third of the right kidney. B, Arteriogram showing a very large intense “stain” equaling the density of the cortical nephrogram that is projecting into the 
junction of the middle and upper thirds of the kidney. This stain was believed to be a pseudotumor. C, A technetium-99m dimercaptosuccinic acid scan 
shows excellent visualization of the right kidney without evidence of a photopenic area, which confirms the diagnosis of pseudotumor. 
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FIGURE 6-154 + Renal specimen showing a typical large column of 
Bertin projecting into the renal sinus fat in a double collecting system 
and compressing adjacent calyces (arrows). The column typically occurs 
at the junction of the upper and middle third of the kidney, most often 
in bifid or double renal pelves. 


cessory artery (see Fig. 6-157). Hilar pseudotumors are 
generally identified as normal renal tissue, in a manner 
similar to that of the column of Bertin. 


Cortical Dysmorphism. Variation in renal lobe formation 
may simulate an abnormal mass, most commonly on the 
lateral aspect of the kidney. Misplaced pyramids sur- 
rounded by cortex may produce bizarre configurations 
(Figs. 6-157 to 6-159). 


Fetal Lobation. Asymmetrical fetal lobation that occurs at 
the demarcation of only one or two lobes of the kidney 
may occasionally mimic a pseudotumor (see Figs. 6-64, 
6-65, and 6-124). 


Dromedary Hump. This variation has been discussed pre- 
viously. Like other pseudotumors, it can usually be con- 
firmed by other procedures. 


Aberrant Papilla. An ectopic papilla may project into the 
renal pelvis or an infundibulum and mimic a filling defect 
in the collecting system (see Fig. 6-104). If tangential 
films are obtained, the papilla may be visualized as an 
extraluminal pyramid-shaped mass impinging on the col- 
lecting system (Fig. 6-160). It is usually surrounded by an 
opaque halo corresponding to the circular calyceal fornix. 


Acquired Pseudofumor 


Kidneys affected by severe focal disease such as reflux 
nephropathy frequently have islands of unaffected paren- 
chyma adjacent to the renal lesions. The residual normal 
parenchyma may mimic a mass lesion and produce dis- 
placement or impression on neighboring calyces (Figs. 6- 
161 and 6-162). If the lesions are bilateral or the opposite 
kidney is diseased, overall renal function may be threatened 
and hypertrophy of the remaining parenchyma may result. 
In both cases, a radionuclide renal scan can define the 
masslike lesion as normal tissue. 


Vascular Impressions 


Intrarenal and extrarenal vascular impressions are quite 
common and, fortunately, are usually readily recognized. 
Intrarenal vascular impressions are commonly seen on the 
upper infundibulum and renal pelvis (Figs. 6-163 and 
6-164). Baum and Gillenwater® reported 42 patients with 
such defects resulting from pressure from normal renal 
arteries. They listed the most common defects as follows: 
1. Crossing defect on the superior infundibulum—42% 
2. Extrinsic impression on the infundibulum simulating 
a mass—26% 
3. Filling defect in the renal pelvis—12% 
Text continued on page 249 
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FIGURE 6-155 ° Suprahilar pseudotumor. An overgrowth of the renal 
parenchyma in the suprahilar area impresses the upper infundibulum 
laterally. The density of this area is similar to that of the remainder of 
the cortical nephrogram. Cortical overgrowth in the suprahilar and in- 
frahilar areas (“uncus”) is common. 


FIGURE 6-156 ° Infrahilar pseudotumor. A lobular mass projecting from 
the kidney in the region of the infrahilar area represents a cortical pseudotu- 
mor. 
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FIGURE 6-157 ° Cortical dysmorphism. A, A bizarre projection from the region of the infrahilar area of the right Kidney suggests a renal lobe (a 
pyramid surrounded by cortex). B, An aortogram reveals this area to be supplied by an accessor vessel 
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FIGURE 6-158 © Cortical dysmorphism pseudotumor. 4. A lobular projection of renal parcnchsima extending medial to the upper pole of the left 
kidney is seen in the tomogram. B. A renal arteriogiam shows the projection of renal parenchyma from the medial aspect of the upper pole. The 
vascular structures supphing it are normal vessels similar to those of the rest of the cartes 


FIGURE 6-159 ° Cortical dysmorph- 
ism pseudotumor in a middle-aged pa- 
tient with microscopic hematuria. A, A 
urogram shows poor filling of a middle 
calyx. B, A renal arteriogram shows a 
dysmorphic lobe (arrows) that is press- 
ing on the calyx and projecting as a 


hump from the kidney. 


Excretory Urography »• e e 247 


FIGURE 6-160 * A and B, Two examples of ectopic papillae projecting into the renal pelvis arrows. An ectopic papilla mav mimic a filling defect in 
the collecting system. This anomaly is another form of pseudotumor that represents normal renal tissuc manifested as a defect in the collecting system. 


FIGURE 6-161 * Acquired pseudotumor (nodular hypertrophy). A late film from the 
angiogram in a patient with long-standing chronic atrophic pyelonephritis reveals the right 
kidney to be small with thin cortical margins. A residual area of normal cortical tissue 
that has not been affected by the focal infection is manifested as a mass lesion—a 
pseudotumor (arrow). 
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FIGURE 6-162 + Acquired pseudotumor The patient has a long-standing history of chronic pyelonephritis that has affected both poles and the upper 
middle portion of the left kidney. A. The tomogram reveals a masslike lesion in the lower pole (arrows) displacing the middle and lower calyceal 
systems. B, The renal arteriogram shows normal vascularity in this region. This pattern represents residual normal parenchymal tissue that is unaffected 
by the chronic pvclonephritis that has attenuated the remainder of the kidney. 


FIGURE 6-163 ° Vascular impression. A urogram demonstrates a notchlike 
defect in the base of the superior infundibulum (arrow), typical of the defects 
produced by crossing vessels. 


FIGURE 6-164 »Ħ Patient with micro- 
scopic hematuria. A, A urogram reveals 
a defect on the medial aspect of the 
renal pelvis (arrow) suggestive of a tu- 
mor of the renal pelvis. B, An angio- 
gram shows that the wall of the renal 
pelvis is impressed by a branch of the 
renal artery (arrow), which is responsi- 
ble for the defect seen in the urogram. 


4. Crossing defect of the renal pelvis—14% 

5. Arterial impression at the ureteropelvic junction—6% 

Larger defects on the superior infundibulum and pelvis 
may be produced by crossing veins (see Fig. 6-165). Vascu- 
lar impressions on the renal pelvis may mimic an intralumi- 
nal lesion, particularly when the artery presses on the 
posterior aspect of the renal pelvis (Figs. 6-165 and 6-166; 
see also Fig. 6-159). Hematuria may be associated with 
vascular impressions, presumably as a result of congestion 
of the local mucosa from pressure. Occasionally, crossing 
defects on the collecting system can be so intimate that 
partial obstruction results. In these instances, pain is pro- 
duced, particularly during times of diuresis with distention 
of the collecting system proximal to the impression. Fra- 
ley® described such a sequence in the upper infundibulum 
in 1966. The upper infundibulum appears to be the most 
common site of both impressions and the occasional case 
of partial obstruction. 

Extrarenal vascular impressions are common in anoma- 
lies and in the presence of multiple renal arteries. Multiple 
renal arteries occur in 20% to 30% of kidneys. The great 
majority supply the lower-pole segment and may produce 
an impression near the ureteropelvic junction. Accessory 
or multiple extrarenal arteries do not usually cause obstruc- 
tion unless other factors such as fixation of the ureter, 
nephroptosis, or associated bands are present (Fig. 6-167). 
Veins and arteries may produce extrinsic defects on the 
ureter or outer margins of the pelvis. It is not usually 
difficult to distinguish vascular impressions from intralumi- 
nal filling defects. Usually, oblique views clearly demon- 
strate the extrinsic nature of vascular crossings, whereas 
abdominal compression or retrograde pyelography shows 
the extrinsic defects to be effaced with collecting system 
distention. 
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Pyelosinus Backflow 


The different types of backflow were described in the 
1930s in connection with retrograde studies. Of the various 
types (pyelosinus, pyelotubular, pyelovenous, and pyelolym- 
phatic), pyelosinus is the most common. Pyelosinus back- 
flow, which results from fornix rupture, is occasionally en- 
countered during urography and probably represents a 
physiologic release mechanism to reduce the intrapelvic 
pressure in a dilated, usually acutely obstructed renal col- 
lecting system (Figs. 6-168 and 6-169). Fornix rupture 
may result from the use of ureteral compression, as well 
as from pathological obstruction. Rarely, pyelolymphatic 
backflow can be recognized during urography (Fig. 6-170). 
Even hilar lymph nodes may (rarely) be visualized. 


Bladder and Urethra 


A question frequently asked is whether the bladder and 
urethra can be evaluated after the urogram. The urogram 
may include a prone film with the bladder filled to evaluate 
the anterior surface of the bladder wall. A routine postvoid 
film (10 X 12 in.) of the bladder area is frequently ob- 
tained in men older than 50 to 60 years to estimate residual 
urine. This study is valuable, provided that (1) the patient 
has totally voided as much as possible and (2) the film is 
obtained immediately after the patient has voided. Fre- 
quently, patients are kept waiting 10 to 15 minutes for their 
postvoiding film, which allows significant accumulation of 
urine in the bladder. Women who have no specific voiding 
problems have no reason for routine postvoiding films 
except when a urethral diverticulum is suspected. 

In a small but significant number of children and a 
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FIGURE 6-165 * Venous vascular impression in a patient with gross hematuria Most venons impressions arc on the renal pelvis. A, A defect in the 
renal pelvis simulates a pelvic tumor (arrows). B. An angiogram shows that the artenal vessels do not coutribute to the vascular defect. The arrow 
pomts to the partially filled renal pelvis. C, Phlebogram. A branch of the renal vem crosses directly over the renal pelvis and impresses it at that point. 
The arrow points to the medial margin of the renal pelvis along with the vem producing the defect seen ongmalh Conrtesy of AJ. Palubinskas, M.D.) 
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FIGURE 6-166 * Vascular defect mimicking an intraluminal lesion in a patient with microscopic hematuria 4 \ urogram reveals a large irregular 
filling defect occupying the central area of the renal pelvis. B, An artcriogram demonstrates a knuckle of the tortuous renal artery (arrow) protruding 
into the posterior aspect of the renal pelvis and producing the radiolucent defect ongmall seen. 


FIGURE 6-167 ° Vascular impression on the proximal end of the ureter. 
A linear transverse crossing defect is produced by an accessory artery 
(arrow), in this instance associated with partial proximal obstruction. At 
surgery, a congenital band was found fixing the ureter. The band rather 
than crossing of the vessel was responsible for the obstruction. 
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FIGURE 6-168 «+ Patient with a partially obstructing nonopaque calculus 
in the upper ureter. Marked diuresis follows the intravenous injection of 
contrast medium; the collecting system is dilated and intrapelvic pressure 
is increased. Pyelosinus extravasation (arrows) occurs at multiple sites to 
relieve the high intrapelvic pressure. 


FIGURE 6-169 ° Pyelosinus extravasation from the fornices of the caly- 
ces extends out through the renal pelvis into the perinephric space. Note 
that the contrast media lateral to the psoas margin does not extend down 
to the iliac crest. It is confined within the perinephric space. 


lesser number of adults, a good cystourethrogram can be 
obtained after urography. If the density of contrast medium 
in the bladder is sufficient, the procedure may be at- 
tempted. In our experience, in cooperative children with 
voiding problems who have a urogram for other reasons, a 
cystourethrogram should be attempted to avoid the need 
for catheterization. If the patient is going to be catheterized 
or if the examination is specifically for the bladder and 
urethra, a routine voiding cystourethrogram should be per- 
formed. One of the disadvantages of the posturographic 
voiding cystourethrogram is the inability to determine vesi- 
coureteral reflux. 


RISK FACTORS IN UROGRAPHY 


The adverse effects of contrast media have been described 
in detail in Chapter 4. The following is a brief analysis of 
the major risk factors that if present in a given individual 
may increase the reactions associated with the intravenous 
injection of contrast media in common use today. The new, 
nonionic contrast media produce fewer reactions than do 
ionic agents. 


Dehydration 


Dehydrated patients have a far greater tendency to renal 
shutdown secondary to intratubular obstruction by precipi- 
tation of proteins or crystals. Children are particularly af- 
fected. Renal shutdown is associated with the increasingly 
intense nephrogram described previously. In most in- 
stances, the precipitating protein is Tamm-Horsfall, the 
only protein produced by the kidney. Patients with multiple 


myeloma and hyperuricemia, as well as those receiving 
poorly soluble sulfa drugs, are also prone to intratubular 


block when dehydrated. 


Diabetics with Azotemia 


Diabetic patients with mild to moderate azotemia are par- 
ticularly prone to the nephrotoxic effects of contrast media. 
The mechanism of the renal failure is not clearly under- 
stood. It does not appear to be significantly influenced by 
hydration. 


Cardiac Decompensation 


Patients with cardiac decompensation should not be exam- 
ined when in cardiac failure. The hyperosmotic contrast 
medium will intensify the congestive failure, and in addi- 
tion, such patients have a greater likelihood of azotemia.*! 
Patients with compensated heart failure requiring urogra- 
phy are probably best studied with nonionic agents. 


FIGURE 6-170 ° Pyelolymphatic backflow during excretory urography. 
A 10-minute film reveals fornix rupture adjacent to the upper-pole calyx 
(arrow) with opacification of the hilar lymphatics (curved arrow). This 
backflow was believed to be attributable to excessively tight ureteral 
compression. 


Allergic History 


Patients with an allergic history have approximately a two- 
fold increase in reactions. It is not clear, however, whether 
this increased risk applies to life-threatening reactions. 


Previous Reactions to Contrast Media 


Patients with a history of previous reactions to similar 
contrast media have a three times greater chance for reac- 
tion after subsequent injection. The reaction is usually not 
more severe than the original reaction. Patients who have 
had a previous life-threatening reaction should be reexam- 
ined with caution. In many instances, other modalities can 
be used that do not require contrast material. Indications 
for the examination should be very clear, and a physician 
should be with the patient throughout the examination. 
Patients with such previous reactions often have no reac- 
tion on reexamination. Pretreatment with steroids, as well 
as nonionic agents, should be used. This topic is discussed 
in more detail in Chapter 4. 


Renal Failure 


Ordinarily, the triage examination for renal failure should 
be ultrasonography. The usual reason for examination is to 
exclude hydronephrosis. Contrast examinations should be 
avoided. If contrast medium is used, it is frequently neces- 
sary to increase the dose to obtain a useful degree of 
visualization. In such cases, at least a temporary increase 
in blood urea nitrogen and creatinine is usually observed. 
If the urogram is believed to be clinically necessary, tomo- 


grams obtained 2 or 3 minutes after the injection of 1.5 to 
2 mI / g of contrast medium and a subsequent 5-minute 
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film may visualize the collecting system. No arbitrary level 
of serum creatinine above which the urogram has no diag- 
nostic value has been established. In general, the higher 
the creatinine level, the less likely is the urogram to be 
helpful. This observation will vary with the cause of the 
azotemia to some extent. For example, in obstructive uro- 
pathy, delayed visualization with eventual pooling of con- 
trast to the level of obstruction is seen often, even with 
relatively high levels of creatinine. However, this situation 
does not apply with renal parenchymal disease. Serum 
creatinine is not always a reliable barometer of urographic 
quality because it varies greatly with muscle mass and the 
state of hydration. As a rule of thumb, urography is proba- 
bly wasteful in patients with medical renal disease whose 
creatinine level is above 4.0 mg/dL. Current opinion about 
routinely obtaining a serum creatinine measurement before 
administering contrast media is discussed in Chapter 4. 


Recent Contrast Studies 


Patients who have undergone multiple contrast studies 
such as CT or angiography on consecutive days immedi- 
ately before urography may be at risk for contrast nephrop- 
athy if the study is done without an intervening rest period 
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of 1 or 2 days. During this time suitable hydration should 
be carried out. 
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EXCRETORY UROGRAPHY IN 
INFANTS AND CHILDREN 


SANDRA K. FERNBACH 
KATE A. FEINSTEIN 


Excretory urography (EU) was once routinely performed 
to screen children with skeletal, gastrointestinal, or cardiac 
abnormalities known to be associated with renal anomalies, 
including agenesis, ectopia, and fusion! (Fig. 6-171). In 
children with congenital heart disease, a single abdominal 
film was frequently obtained after cardiac catheterization 
to detect associated renal anomalies, but ultrasound (US) 


FIGURE 6-171 * Crossed renal ectopy. A, Transverse sonogram. The two kidneys are side by side. The echogenic triangle between them (arrowhead), 
referred to as a niche, does not help determine whether the kidneys are fused or not (S = spine). B, Voiding cystourethrogram. Grade 2 vesicoureteral 
reflux delineates the laterally displaced left pyelocalyceal system and ureter. Additionally, the axis of the kidney is more horizontal than usual. C, An 
excretory urogram Clarifies the superior/inferior orientation of the kidneys. The ureter of the lower kidney crosses the midline (arrowhead) to enter the 
bladder in a normal position, a typical finding. The two kidneys are almost always fused in crossed renal ectopy. Note the bladder catheter placed 


because of the vesicoureteral reflux. 


is now generally used to evaluate the kidneys in these 
children? When magnetic resonance imaging is necessary 
for evaluation of the spinal cord in children with vertebral 
anomalies, the kidneys are frequently imaged; use of this 
information may eliminate the need for a separate US 
study (Figs. 6-172 and 6-173). 

Children with anomalies such as ear tags, a single umbili- 
cal artery, supernumerary nipples, penile hypospadias, and 
undescended testicles underwent EU to detect renal mal- 
development. Because later studies showed no increase in 


renal anomalies in this group of children, they no longer 
require routine urinary tract evaluation. 

EU was a cornerstone in the evaluation of children 
with abdominal masses, urinary tract infection (UTI), or 
hematuria. In virtually all these conditions, EU has been 
supplanted by US or computed tomography (CT) (Figs. 
6-174 to 6-176). Voiding cystourethrography or nuclear 
cystography is frequently performed as a companion study 
to US, especially in children with UTI.*° Others note the 
inability of US to reliably detect acute inflammation or 


FIGURE 6-172 + Magnetic resonance imaging of normal kidneys, coronal 
image. This Tl-weighted image, done to exclude tethering of the spinal 
cord, shows normal corticomedullary differentiation, the normal relative 
paucity of sinus fat typical in children, and the left adrenal gland (arrow). 
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FIGURE 6-173 * Magnetic resonance imaging of the left pelvic kidney, 


coronal plane. The abnormally segmented spine has marked distal scoliosis FIGURE 6-175 ° Ureteroceles. A transverse sonogram of the bladder 
(not shown). The normally positioned right kidney and the left pelvic demonstrates the classic appearance of tiny urcteroceles (arrows) along 
kidney (arrow) are well shown on this T1 -weighted image after gadolin- the posterior wall of the bladder and makes di: gnosis with another 
ium injection. modality unnecessan. 


FIGURE 6-174 + Antosomal dominant polveystic kidney disease—value of complementary imaging 4. This 12-\carolds hematuria was thought to be 
due to the left ureteropelvic junction obstruction shown on excretory urography (EU. No other abnormality was detected on EU despite the family 
histon of autosomal dominant polycystic renal disease. The scoliosis was positional and not present on other fihus. B. Computed tomographic 
angiography was performed to evaluate the relationship of the renal pelvis to the central renal vasculature Delaved images show the dilated left renal 
pehis_ aad unexpectedly. several renal cvsts on the right. Multiple cysts were present bilaterally at other levels 


260 + * + Techniques and Applications of Urological Imaging 


FIGURE 6-176 ° Adrenal mass in an 18-month-old. A, Excretory urography dem- 
onstrates displacement of bowel loops from the left upper quadrant and compression, 
elongation, and uniform calyceal spreading of the left kidney. Note also the residual 
transverse folds of the proximal end of the right ureter. B, Computed tomographic 
scan after contrast injection. An extrinsic inhomogeneous mass is anterior to the 


kidney and compressing it. 


focal scars and believe that it should not be used to evalu- 
ate children with UTI, even when accompanied by cystog- 
raphy.” ° Renal scintigraphy with cortical agents is used to 
detect changes of acute pyelonephritis, as well as cortical 
scars.°-U 

The causes of hematuria in children are quite different 
from those in adults; for this reason the radiologic evalua- 
tion is also quite different.!*'° Approximately 50% of chil- 
dren with hematuria have a proven or clinically suspected 
UTI.” Thus, most often a child with hematuria needs only 
a cystogram and US examination. The second largest group 
of children with hematuria have a history of trauma to the 
abdomen, flank, pelvis, or genital region. Perineal irritation 
and trauma can also produce hematuria. Sickle cell disease 
should be excluded in children with intermittent recurrent 
gross hematuria. 

Radiologic studies may be useful if the site and extent of 
the bleeding are not clinically apparent. Some obstructive 
lesions of the upper urinary tract are silent despite being 
markedly dilated until injury causes hematuria, but congen- 
ital lesions are not usually detected because of hematuria 
(Fig. 6-177). During childhood, renal malignancies, uro- 
thelial growths, and stones are uncommon causes of hema- 
turia. 

About 8% to 10% of children with hematuria have a 
nephropathy, IgA or Alport’s nephropathy being most com- 


monly diagnosed. Postinfectious nephritis can produce he- 


maturia or dark-colored urine. EU results are generally 
normal in children with nephritis. If the clinical findings 
suggest that some other less common process is responsible 
for the hematuria, CT or even cystoscopy may be helpful. 

EU was also the examination of choice for children 
with hydronephrosis or possibly an absent kidney. Renal 
scintigraphy is now routine because it can (1) quantify 
kidney function, (2) determine the degree and site of 
obstruction, and (3) locate a poorly functioning orthotopic 
or ectopic kidney.'* ‘7 Some pediatric urologists still use 
EU to evaluate neonatal hydronephrosis because they want 
to see the renal and ureteral anatomy.'*”° For example, 
with US it may be difficult to differentiate unusual causes 
of obstruction (ureteral valve, ureteral polyp, retrocaval 
ureter) from the usual ureteropelvic junction obstruction. 
However, a dilated, obstructed renal pelvis can be distin- 
guished from an extrarenal pelvis by US alone. 

Hypertension often prompted EU. Early films were 
done to evaluate renal blood flow, and later films were 
used to exclude treatable causes of hypertension such as a 
shrunken kidney or a kidney with parenchyma compressed 
by an adjacent cyst. Renal blood flow is better measured 
with Doppler US or the early phases of nuclear renogra- 
phy.” Morphological changes of the renal arteries can be 
demonstrated with digital subtraction angiography,” CT 
angiography, or magnetic resonance angiography. 

Children with significant abdominal or flank trauma un- 
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derwent EU, even when hematuria was absent. Such chil- 
dren, when hemodynamically stable, are instead usually 
studied with CT. Because splenic and hepatic injuries 
are each seen in about one-third of children with demon- 
strable renal trauma, the ability to evaluate the other ab- 
dominal and retroperitoneal organs is most important.” 
Additionally, CT can visualize minor traumatic lesions of 
the kidneys that might be missed with EU.” % Some 
centers that perform EU as the primary imaging technique 
have used renal angiography to confirm the degree of 
damage.” An acutely injured child in whom life support 
functions are being established may need a limited portable 
EU to establish whether the vascular pedicles are intact.” 
Children with minor degrees of abdominal trauma, micro- 
scopic hematuria, or dipstick-positive urine rarely have 
renal injury; imaging is likely to be of low yield in this 
population.°** 

At one time up to 50 EU examinations were done each 
week in busy pediatric hospitals.*°! A more typical pediat- 
ric center did 20 or more per week.” Today, even in 
pediatric centers with an interest in genitourinary surgery 
or a busy nephrology service, EU has become an infre- 
quent study. However, when performed with proper tech- 
nique, EU can provide valuable information not always 
available with other tests (Table 6-6). 


FIGURE 6-177 ° Fractured solitary right kidney, excretory 
urography (EU) and computed tomography (CT). A, A coned 
film 5 minutes after contrast injection demonstrates a poorly 
visualized right upper pole and abnormal-appearing adjacent 
calyces. The absence of contrast on the left suggests injury to 
the vascular pedicle. B, On the 15-minute film, extravasated 
contrast opacifies the perirenal space near the right upper pole. 
C, CT done immediately after EU, without additional contrast 
injection. The fractured right kidney has multiple nonenhancing 
segments and is surrounded by both extravasated contrast 
(arrows) and hematoma. The posterior medial position of the 
spleen indicates that the left kidney is either absent or ectopic. 


INDICATIONS FOR EXCRETORY 
UROGRAPHY 


A child with a history of renal calculi who has a sudden 
onset of flank pain, with or without hematuria, is presumed 
to be passing a stone. The stone can become lodged any- 
where along the course of the ureter, most of which cannot 


TABLE 6-6 * Technique for Performing Excretory 
Urography in Children 


Discuss examination with child and parent. Goals: gather 
pertinent history and provide education. 

Review available studies. 

Weigh child. 

Obtain scout radiograph. 

When necessary, insert bladder catheter and leave in place; open 
to drainage during examination. 

Intravenously inject a dose of contrast material appropriate for 
child’s weight. 

Immediately perform coned kidney radiograph. 

Allow the child to drink a beverage. 

Take a full abdominal film 10 min after contrast injection. 

Review films to determine whether the clinical question has been 
answered or whether more films are necessary. 
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A 


IGURE 6- 


78 e Distal ureteral calculus. A, A longitudinal sonogram of the bladder demonstrates an echogenic focus (arrow) with distal acoustical 


shadowing adjacent to the posterior bladder wall. The focus could not be identified m the transverse plane, and the distal end of the ureter was not 
visualized. probably because of suboptimal bladder filling. B, A postvoid excretory urogram shows a prolonged nephrogram phase on the right with a 
dilated prclocalveeal system, dilated ureter, and small filling defect (arrow) within the mildly, dilated juxtavesical ureter. 


be seen on US. In this setting, EU is useful for visualizing 
the ureter, determining whether an obstruction is present, 
ancl ae the level (Fig. 6-178). 

FEU can corroborate US findings or define a lesion dem- 


onstrated with US (Figs. 6-179 and 6-180). Complex anat- 
omy (fused kidneys, horseshoe kidney) is sometimes hard 


to understand or define with US and may be better demon- 
strated by EU. 

Children who have primary enuresis, that is, those who 
have never been dry, may benefit from EU.” An ectopically 


inserting (extrasphincteric) ureter of a single system or an 
: e of a duplex system may he detected although 
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FIGURE 6-179 * Cake kidney. A, Transverse sonogram. The complex solid mass is the kidneys) The normal central renal echo complex is frequently 
missing in pelvic kidneys. which makes them more difficult to detect. B, In an excretory urogram, delicate calyces overlie the lower lumbar spine. Two 
ureters are identified. thus indicating that two kidneys are present. Contrast from the distal end of the right ureter enters the bladder as a jet and 


simulates an ectopic insertion (arrow). 


FIGURE 6-180 * Nonrefluxing nonobstructed megaureter, excretory 
urogram. A full abdominal film 10 minutes after contrast injection demon- 
strates that both kidneys are normal but the left ureter is dilated and 
tortuous throughout its course. 


a very poorly functioning unit may not opacify or be diffi- 
cult to appreciate without CT ° (Fig. 6-181). Other 
causes of wetness may be observed, such as minor forms 
of the epispadias-exstrophy complex (Fig. 6-182). 

After certain operations, demonstration of the ureter 
may be necessary.” A child who has had a transureterouret- 


FIGURE 6-181 + Renal duplication in a child with wetness, excretory 
urogram. The left kidney is duplicated, and both moieties function early 
and are delicate in appearance. The normal appearance of the calyces 
suggests that either the duplication is incomplete or, if complete, that 
both ureters insert in a fairly normal position on the trigone. The kidney 
is longer than four vertebral bodies; uncomplicated duplication is one of 
the most common causes of increased renal length. The right kidney is 
small and has an abnormal axis suggestive of duplication. Faint visualiza- 
tion of a dysplastic upper calyceal system with little surrounding paren- 
chyma (arrow) indicates that the ureter from this segment may be ectopi- 
cally inserting and responsible for the enuresis. 
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FIGURE 6-182 + Unusual form of epispadias—value of the scout film. 
This 2-year-old girl was constantly wet. The scout film demonstrated a 
wider than normal symphysis pubis, but the abdominal wall was intact. 
On the 10-minute excretory urogram, contrast is leaking around the 
perineum because the incontinent bladder has no reservoir capacity. 
Inspection of the child revealed that she had a rare variant of the 
exstrophy-epispadias complex: subsymphyseal epispadias. 


erostomy with new or worsening hydronephrosis may need 
to have the anastomosis visualized (Fig. 6-183), which is 
best done with EU. Conversely, children who have under- 
gone ureteral reimplantation for vesicoureteral reflux, py- 
eloplasty, or endourologic manipulation may be imaged 
with US to detect new or worsening of the treated condi- 
tion, such as hydronephrosis.” However, some surgeons 
like to see the anatomy delineated by contrast material, so 
EU is still occasionally performed in these settings (see 
Fig. 6-183). 


PREPARATORY PROCEDURES 


The quality of the EU improves when it is performed by 
those experienced in imaging children. Knowing when to 
film and what views are important (and which, in children, 
are unnecessary) allows the most information to be ex- 
tracted from the fewest films. Interpretation of the few 
films obtained is enhanced by familiarity with the varied 
appearance of normal variants and common congenital 
anomalies, both before and after surgery’ *4 °° (see Chap- 
ter 17). 

The radiologist should review any prior genitourinary 
studies and obtain pertinent clinical information from the 
chart, physician, or parents before beginning the study. It 
is much easier to perform a diagnostic study with few films 
when one knows what question(s) the study must answer. 
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FIGURE 6-183 © Excretory urograms after right ureteral reimplantation and alter subsequent transureterouretostomy. 4 After initial ureteroneocystos- 
tonm the left Kidney and ureter are well secu. but on the nght only a faint nephrogram is present, which indicates that the kidney is almost certainly 
obstructed B A tr msureteroureterostomy was then performed. and this later urogram demonstrates the mildly dilated right pvelocalyceal system and 
ureter as well as the anastomosis (arrows. Although function of the right kidney is suggested. contrast excreted by the left kidney might cause 


retrograde opacification of the right side Earth films or renal scintigraphy is necesan toa sn Cane Hanetion-ol the right Kidna. 


A 


FIGURE 6-184 * Neonatal adrenal hemorrhage. A. An S-minute supine filni m a 3-day-old demonstrates that excretory urography is possible in the 
ven young A mass displaces the right kidney micriorl and flattens the upper pole arretticads’ On the left. fine nre toral folds (arrows) are present, 
a norinal finding at this age. Cotten concentration is poor bilaterally. B, In i 6-day -oll. tomography was performed | hour after contrast injection 
to enhance visualization of the left kidney The left pvelocalyceal system 1s displaced nieriorl by a lucent mass. An obstructed upper pole in a 


du] dicated kidney could have a similar appearance 


Age of the Patient 


Administration of contrast material is not medically contra- 
indicated in the perinatal period. During the first few days 
of life, the kidneys are unable to concentrate urine or 
contrast material as well as they do later, and the quality 
of the EU will suffer. However, we have observed many 
EUs of diagnostic quality that were obtained in newborns 
(Fig. 6-184). Currently, most neonatal renal and adrenal 
problems are best evaluated by US (Fig. 6-185). 

It is difficult to predict exactly when the kidney will be 
able to handle contrast normally, but in general, US is 
preferred for evaluation of renal anatomy in the first week 
or 10 days of life. After this time, EU can be successfully 
performed. 

Renal function is more difficult to assess in the perinatal 
period. Serum tests of renal function reflect maternal renal 
function in the first few days of life; even anephric new- 
borns may initially have normal laboratory values. 


Immobilization 


Proper immobilization is key to obtaining well-positioned 
films. Failure to immobilize also results in films degraded 
by patient motion. Immobilization reduces the need for 
repeat films and thus also reduces patient exposure. 

Children can be immobilized by swaddling or by place- 
ment beneath sandbags and between weights. We use a 
commercially available board (Octostop), the design of 
which easily allows oblique, lateral, and prone positioning” 
(Fig, 6-186). 


Equipmeni 


EU can be performed in any standard radiographic room. 
Film-screen combinations or plates should allow the lowest 
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possible radiation doses. Bucky technique is preferred to 
tabletop exposures. 

Exposures made at 55 to 70 kV enhance subject contrast 
and thus the effect of the iodinated contrast. Higher-energy 
exposures result in loss of contrast and, if not offset by a 
decreased milliampere-second setting, greater radiation 
dose to the patient. Most often, automated phototiming 
is used. 


Patient and Parent Preparation 


The parent(s) needs to have a thorough understanding of 
the steps involved in performing the EU so that the proce- 
dure can be explained to the child. Parental education, via 
an information sheet or a telephone call from a technologist 
or nurse, results in a well-informed parent unlikely to 
convey anxiety about the examination to the child and 
hence a more cooperative patient. Familiarity with the 
procedure also allows the parent(s) to give the child an 
age-appropriate explanation. Infants and toddlers should 
be told about their examination on the day of the study, 
older children should be instructed about the components 
of the test the day before the procedure, and adolescents 
may need several days’ notice, as they would for any im- 
portant event. We also recommend having the parent stay 
in the room throughout the test because having a parent 
present comforts the child. 

It may be necessary to repeat an explanation of the EU 
process (films, injection) to the parent and child just before 
the study begins. One should use this encounter as an 
additional opportunity to elicit information that may 
change the way the study is done. 

A signed consent for the procedure is not routinely 


obtained at our institution, but this matter may be deter- 


mined locally. 


FIGURE 6-185 * Adrenal hemorrhage, serial sonography. A, In this 10-day-old, the adrenal hemorrhage (arrowheads) has a predominately solid 
appearance and deforms the upper pole of the kidney (K). A neuroblastoma could have the same appearance, so a follow-up study is necessary. B, Two 
weeks later the adrenal mass (arrowheads) is smaller and the kidney (K) is returning to a normal shape. Liquefaction of the hemorrhage, typical at this 


time, is lacking; this deficiency prompted later studies to confirm regression. 
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Bowel Preparation 


Bowel preparation is rarely required before the study. Nor- 
mal young children evacuate the colon frequently without 
stimulation and may become dehydrated if vigorous bowel 
cleansing is performed. Even when stool is present and 
obscures detail, the information desired from the study is 
usually available, although occasionally tomography may 
be needed. 

Older or constipated children may require bowel cleans- 
ing before EU, but in general, little bowel preparation is 
necessary.” A group of children in whom we never perform 
bowel preparation are those with myelomeningocele. These 
children may use constipation as a mode of continence, 
and bowel cleansing may produce uncontrolled and mas- 
sive bowel movements, a problem for the parent and child 
during transit to the hospital and the technologist during 
the examination. 


Dehydration 


Adults are frequently asked to refrain from drinking and 
eating for some hours before EU. The reasons for such 
abstinence are concern for contrast-induced vomiting (with 
the risk of aspiration) and the desire to have the kidneys 
excrete maximally concentrated urine, thereby enhancing 
contrast visualization. 

Dehydration is not necessary to optimize the concentra- 
tion of contrast. However, children are given nothing orally 
for several hours before the examination to minimize the 
Huid-free period while decreasing the possibility of aspira- 
tion if the child vomits as a reaction to contrast injection 
or to alleviate general agitation during the procedure. The 
food/liquid-free period is determined by the child’s age. In 
young children the study is scheduled to occur at approxi- 
mately the same time as a normal feeding, which means 


FIGURE 6-186 * The Octostop board. 
This child has both the hands and head 
immobilized, which may not be neces- 
sary when only supine radiographs are 
to be performed. Velcro straps are usu- 
ally placed over the thorax, thighs, and 
knees rather than anywhere in the field 
of interest. 


that normal hydration is maintained. After contrast injec- 
tion, an early radiograph of the kidneys is performed and 
the child is allowed to feed. Feeding quiets the child, 
introduces air into the stomach, thereby enhancing visual- 
ization of the kidneys, and creates a diuretic effect. 

Older children are asked to fast for 4 hours. This precau- 
tion may be unnecessary because children undergoing CT 
usually receive intravenous contrast within 60 minutes of 


oral contrast intake. 


eS ae 


CONTRAST MATERIAL 
Contrast Medium and Its Injection 


Despite their greater cost, low-osmolality, nonionic, iodin- 
ated contrast media are preferred over ionic media because 
they are better tolerated.” Fewer minor reactions de- 
velop, including pain at the injection site, nausea, and 
vomiting. If selective use of contrast is mandated, low- 
osmolality agents should be given to children younger than 
1 year, those unable to communicate, and those with diabe- 
tes mellitus or cardiac or renal disease. Most contrast 
media for EU are 30% to 37% iodine. Contrast material is 
given intravenously as a hand-injected bolus through a 
small butterfly-type (21 or 23 gauge) needle placed at the 
time of injection and removed quickly thereafter. When a 
child already has an intravenous catheter in place and 
blood return has been documented, the catheter may be 
used for contrast injection. Overlying dressing or bandages 
must be removed so that the site can be closely observed 
throughout the injection. If the child has good venous 
access, it is preferable to inject through an intravenous 
catheter inserted for this purpose. Peripherally and cen- 
trally inserted central venous catheters may be used to 
inject contrast material, but standard sterile access tech- 
niques are required. 


Unless renal function is severely compromised, standard 
dosages are used. If renal toxicity is a concern, alternative 
imaging should be performed, as determined by the clinical 
setting. The dosage of contrast material is related to patient 
size, is determined after the child is weighed, and is ap- 
proximately 2 mL/kg. Some centers use a higher dosage in 
very small children, as much as 4 mL/kg in patients under 
5 k 4 45 

iS small children, typical sites of intravenous injection 
include the back of the hand, the wrist, and the antecubital 
fossa. Veins along the dorsum of the foot may also be used. 
In older children, as in adults, the antecubital fossa is used 
preferentially. In the neonate, the butterfly needle may be 
placed in a suitable scalp vein. When such a vein cannot 
be found, assistance should be sought from those with 
more experience: an anesthesiologist or pediatrician. We 
rarely use the external jugular vein and never use subcuta- 
neous or intramuscular sites for contrast injection. 

The viscosity of contrast medium and the small diameter 
of the needle lumen make injection difficult, but these 
obstacles can be overcome by placing the contrast into 
small syringes (10 to 20 mL) and injecting each in succes- 
sion. When extreme resistance is encountered, the needle 
is likely to be improperly positioned. 

The catheter site should be carefully monitored by in- 
spection and palpation during the entire injection. A well- 
placed and well-functioning intravenous catheter may be- 
come dislodged during the injection, and the skin over the 
needle tip should not be covered with tape. 

Extravasation acutely produces focal swelling and pain. 
It may also suddenly make the injection difficult to com- 
plete. If contrast extravasates, the injection should be ter- 
minated immediately. Symptomatic treatment with warm 
packs may be required. 

In most children, EU can be performed even when the 
full amount of contrast is not able to be injected; a coned 
film over the kidneys should be obtained if only a fraction 
of the dose is administered. If this film demonstrates renal 
anatomy well, a later full abdominal film is likely to delin- 
eate the ureters and bladder. In this way the child may be 
spared additional injections. A new intravenous line may 
be needed only if the urinary tract is poorly opacified and 
additional contrast must be injected. 


Contrast Reactions 


Even though contrast reactions are rare in children, any 
facility in which contrast is administered intravenously 
should be prepared for treating a reaction. Appropriate 
equipment, medications, and staff with skills in advanced 
pediatric life support should be readily available. 

Children with a history of a major contrast reaction need 
to be premedicated. Those with previous minor reactions 
(vomiting, hives) should be differentiated from those with 
life-threatening reactions (respiratory distress, anaphylac- 
toid reaction). For safety, children with major reactions 
should be studied in a hospital setting. Although EU could 
be performed after premedication with steroids, antihista- 
mines, or both, the clinically needed information should be 
obtained with an alternative study, such as US, nuclear 
renography, or even magnetic resonance imaging. It has 
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been demonstrated that certain magnetic resonance se- 
quences superbly delineate renal anatomy and pathol- 
ogy.*°* 


ALLERGIES TO LATEX 


Sensitivity to latex products may develop in children with 
chronic illness requiring repeated surgery, prolonged blad- 
der catheterization, or exposure to latex gloves. Latex 
allergies are more frequent in those with myelomeningo- 
cele, 18% to 60% of whom demonstrate such sensitivity. 
Some manifest a contact dermatitis, a form of latex allergy 
also seen in medical personnel, especially those working in 
surgical settings. Others have a more severe allergy and 
respond to minimal exposure with a severe anaphylactic 
reaction and even death. Therefore, children with latex 
allergy and those at risk for latex allergy should be exposed 
to as little latex as possible. Pretreatment of children who 
have latex allergy with corticosteroids and histamine antag- 
onists may be required. 

Within the radiology department, latex may be encoun- 
tered in gloves, some bladder catheters, tourniquets, adhe- 
sive tape, and toys. Even the stoppers on bottles of intrave- 
nous and cystographic contrast material are latex, as is the 
seal of the plunger in a syringe. 


RADIOGRAPHIC TECHNIQUE 
Film Sequence 


A plain film of the child’s abdomen is usually performed 
before contrast injection unless one has been performed in 
the prior 2 to 3 months. Evaluation of the film should 
include inspection of the spine for agenesis, dysraphism, 
and scoliosis, all indicators of possible spinal cord pathol- 
ogy; search for abnormal calcifications such as renal calculi, 
tumors, or foreign bodies; and observation of bone or soft 
tissues (Figs. 6-187 to 6-189). 

The scout film may reveal reasons to reschedule or 
cancel the study. Contrast material or opaque medications 
may preclude adequate visualization of the kidneys. Soft 
tissue fullness in the pelvis may indicate that the bladder is 
distended and that the child should void or be catheterized 
before the injection of contrast medium.™ Technical factors 
must be optimized for diagnostic examination. 

By monitoring each EU film, the total number of films 
may be drastically reduced. A typical examination may 
consist of only three radiographs: the scout film, a coned 
view of the kidneys during the nephrogram phase, and a 
10-minute film of the entire abdomen. Other centers 
change the timing of the filming but still routinely do no 
more than four films.” ° In postoperative situations or in 
children being evaluated after UTI, a single film of the 
entire abdomen, done as early as 5 minutes after contrast 
injection, may suffice.” 

Tubules prevented from draining normally into a dis- 
tended calyx (and thus realigned to the x-ray beam) are 
visible because of the contrast trapped within them, the 
so-called crescent signs (Figs. 6-190 and 6-191). The 
adjacent obstructed calyces and renal pelvis may appear 
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FIGURE 6-187 © Air pvelogram—= value of the scout film. A. The left pyelocalyceal system is lucent because air entering the childs ileal conduit has 
refluxed into it. B, On excreton urography filing defects in the pvelocalyceal system are due to contrast mixing with an not radioliceit stones, 
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FIGURE 6-188 ù Staghorn calondis- value ofthe scout fihu \, Exeretory urography reveals parenchymal enhancement density within the pyelocalyceal 
system. and opacification of the proximal end of the ureter B The scout film clarifies the nature of the densities within the pvelocah ceal system; these 
densities are calculi iu a Puuctommeg kidney Calenh may havc the same density as contrast material and do not always produce filling defects. 
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FIGURE 6-189 ° Adrenal calcifications in involuted neonatal hemorrhage 
(arrows). Calcifications have replaced the hematomas, and the adrenal 
glands have regained normal size. Any suggestion of a mass or paraspinal 
density in association with adrenal calcifications should raise the suspicion 
of neuroblastoma. Faint contrast in the pyelocalyceal systems is from prior 
contrast injection. 


FIGURE 6-190 * Calyceal diverticulum with adjacent opacified collecting ducts—value of delaved films at excretory nrography EU’ A, Early EU 
demonstrates a crescentic density (arrow) defining the upper border of the calyceal diverticulum. The diverticulum is luceut as a result of total body 
opacification. B, A film obtained 20 minutes later better displays the diverticulum because it 1s now filled with contrast. 
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FIGURE 6-191 * Ureteropelvic junction obstruction—value of delayed and prone films. A, The beaded curvilinear collection of contrast (arrows) in 
the upper pole is in discrete dilated collecting ducts (crescent sign). B, Contrast has passed from the ducts to the dilated pyelocalyceal system on the 


delayed prone film, but the nephrogram remains intense. 


relatively lucent because of their avascularity, a phenome- 
non termed total body opacification. 

Delayed films may be needed when structures that typi- 
cally opacify late are of clinical concern: ectopic ureter, 
calyceal diverticulum, or obstructed renal pelvis or ureter® 
(see Figs. 6-190 to 6-192). The timing of these films 
should be individualized and depends on the degree of 
obstruction and the information sought from the study. 
Often, delayed films are timed to correlate with those of a 
prior study so that a meaningful comparison can be made. 
Frequent filming of obstructed lesions should be avoided. 
Delayed films are becoming less necessary because ob- 
structions are diagnosed with US and obstructive physiol- 
ogy evaluated with nuclear renography. 

A coned film of the kidneys, obtained immediately after 
contrast injection, allows measurement of renal length and 
confirms the success of the injection. Usually, a small 
amount of contrast is present within the pyelocalyceal sys- 
tems as well. An abdominal film exposed 10 minutes after 
contrast injection displays the pyelocalyceal systems and 
ureters. 

Renal tomography is uncommonly used in children. The 
information that was previously obtained with tomography 
(renal stones, solid versus cystic mass, renal length) is now 
available with US. However, when tomography is needed 
for diagnosis, it should be performed without hesitation 
(see Fig. 6-184B). 

Because inflammatory mucosal processes of the ureter 
and transitional cell carcinoma are exceedingly rare in 
childhood, the ureters do not generally need to be opaci- 


fied in their entirety. For this reason we do not use com- 
pression devices during EU, but some centers still do. 
Because bladder distention may compress the ureters, a 
delayed film before the child voids may enhance visualiza- 
tion of the ureter when necessary. 

At this point other films are occasionally helpful. Prone 
and upright positions may be used to evaluate the upper 
tracts (Figs. 6-193 to 6-196). Oblique or postvoid films of 
the bladder improve the visualization of low-lying kidneys 
and distal ureteral processes: ureterocele (simple or du- 
plex) and primary megaureter (Fig. 6-197). Postvoid films 
should also be performed whenever the upper tracts are 
dilated on the 10-minute film™ (Figs. 6-198 and 6-199). 


RENAL SIZE 


Renal length is most often measured by US. 4 However, 
during EU, renal length may be measured and related to 
nomograms for age, height, or the distance from the top 
of the first lumbar vertebral body to the bottom of the 
third.©** Graphs and nomograms relating renal length as 
measured by US to age, weight, and surface area are 
available .®*7 

Concern about contrast material producing swelling of 
the kidney and affecting renal length was raised in the era 
of conventional high-osmolality contrast. However, contrast 
medium was shown to not be responsible for the variations 
in measurement of renal length, and other factors, de- 
scribed later, were implicated. 
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FIGURE 6-192 ° Calyceal diverticulum—value of late films. A, Coned 
film of the kidneys approximately 1 minute after contrast injection with 
normal-appearing pyelocalyceal systems. B, Delayed film. The contrast- 
filled diverticulum in the right upper pole mildly displaces adjacent 
calyces. The bladder was catheterized and draining although not entirely 
empty. Note the ventriculoperitonea] shunt in the upper part of the 
abdomen and the pelvis, as well as the dysraphism of the lower lumbar 
spine and sacrum. C, Excretory urogram 1 year earlier. The calyceal 
diverticulum was easily seen. Note how a distended bladder can produce 
dilatation of the pyelocalyceal systems and both ureters, as well as 
deviation of the distal ends of the ureters. 
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FIGURE 6-193 * Solitary kidney. A prone film demonstrates lack of obstruction in a dilated left pyelocalyceal system. A, Ten-minute film, supine 
position. Contrast fills the dilated calvces, but the remainder of the urinary tract is unopacified. B, Twenty-minute film. prone oblique position. Contrast 
displaced from the calvces into the dysmorphic infundibula and renal pelvis drains into the ureter. On furosemide renography, the system was not 
obstructed. 


FIGURE 6-194 ° Ureteropelvic j junction obstruction in an ectopic kidnev, computed tomography with prone positioning to show displacement of 
contrast. A. When the child is supine. contrast-urine levels (arrows) are identified in dilated calyces. The huge renal pelvis contains urine but no 
contrast. The obstructed kidney is still in the nephrogram phase, but the left kidney has excreted contrast into its ureter (arrowhead). B, A delayed 
prone scan at the same level as 4 demonstrates that contrast now opacifies the dependent portion of the renal pelvis. On lower sections the ureter 
from this kidnev was still not opacified. thus confirming that the obstruction was at the ureteropelvic and not the ureterovesical level. 


FIGURE 6-195 ° Ureteropelvic junction obstruction —=value of prone fihus. A, Fifteen minutes after contrast injection a full abdominal radiograph 
shows that on the left the calyces are dilated and the pelis is not visualized. On the night the normal calyces and pelvis are opacified. Note the gaseous 
distention of the stomach. B, A prone film at 40 minutes demonstrates that the entire right system is filled with contrast. The degree of dilatation of 
the left renal pelvis and the level of obstruction become apparent 


FIGURE 6-196 ¢ Ureterovesical 
junction obstruction, delayed prone 
film. A, A renal tomogram with the 
child supine demonstrates calyceal 
crescents (arrowheads) about the di- 
lated nonopacified calyces. B, When 
the child is prone, contrast has filled 
the markedly dilated pyelocalyceal 


system and ureter. 


FIGURE 6-197 + Crossed renal ectopy—value of the oblique film. A, The iliolumbar right kidney is well seen on the supine film, but the calyces of 
the ectopic left kidney overlie the spine and simulate a hypertrophied sclerotic pedicle caused by contralateral spondylolysis or agenesis of the pedicle. 
B, A right posterior oblique view projects the ectopic kidney away from the spine, better demonstrating the calyces as well as the normal pedicle. 


Orientation of the kidney can affect its measured length. 
Changes in the angle of the kidney occur with respiratory 
motion. Positional changes are also important.” When 
the child is placed prone, each kidney moves inferiorly and 
rotates slightly about its long axis. The rotation produces 
foreshortening of the kidney, which prevents accurate mea- 
surement. In the prone position, the kidney is also farther 
from the film, a factor that may conversely increase its 
apparent length. Therefore, it is recommended that renal 


length be measured on supine radiographs. Variations in 
measurement between the prone and supine position have 
also been noted with US.” 

The technique of filming is also important. Geometric 
factors should not be discounted. A film centered over the 
kidneys will give a more accurate measurement than a full 
abdominal radiograph will. 

In addition to looking at overall renal length, other 
indications of infection and scarring should be sought. 


Bea 


FIGURE 6-198 ° Obstructed, nonrefluxing ureter—value of the postvoid film. A, An oblique view of the bladder shows the dilated ureter projecting 
over the contrast-filled bladder and obscuring the most distal segment. B, After voiding, the level of obstruction is easily seen and clearly extravesical. 


Excretory Urography in Infants and Children «++ 275 


FIGURE 6-199 ° Bilateral ureteral reimplantation—value of postvoid and prone films. A, When the child is supine and the bladder is filled with 
poorly opacified urine, the pyelocalyceal system is distended and the faintly opacified ureters are dilated. B, The child is placed prone and the dilated 
ureters are seen throughout their course. The bladder remains distended. C, After voiding, the contrast in the bladder is denser and the upper tracts 


have a normal appearance. 


Thinning of parenchyma over a clubbed calyx is a classic 
finding of focal scarring, but an upper-pole calyx that ap- 
pears closer to the spine than normal may be a subtle sign 


of focal parenchymal loss. 


HELPFUL TIPS FOR ENHANCING THE STUDY 
Bladder Catheterization 


When a child is known to have vesicoureteral reflux, the 
bladder is catheterized before contrast injection. By keep- 
ing the bladder empty, opacification of a pyelocalyceal 
system indicates that the kidney has the ability to excrete 
contrast and has not filled with refluxed contrast excreted 
by the contralateral kidney. The degree of fullness of the 
drained pyelocalyceal system during EU may be markedly 
less than when it is filled with refluxed contrast (see Figs. 
6—192 and 6-200). 

A bladder catheter is also recommended in other set- 
tings: (1) a child with UTI or a dilated ureter (by US) who 
has not yet had a voiding cystourethrogram, (2) a child 
with prior vesicoureteral reflux who has undergone ureteral 
reimplantation but no imaging study to confirm the cessa- 
tion of reflux, (3) a child who cannot or will not void and 
in whom better distal ureter visualization is needed, and 
(4) a child with a markedly distended bladder who is 
unable to void (Fig. 6-201). 


Gastric Distention 


Visualization of the kidneys can be improved by giving the 
child a carbonated beverage to distend the stomach (Fig. 
6-202). We routinely give older children a soda just after 
the first film to increase gastric distention. Younger chil- 
dren are given a bottle feeding. If the child is not allowed 
oral intake and a nasogastric tube is in place, the tube can 


be used to inject air into the stomach. Some believe that 
gas in the alimentary tract degrades the image, but such 
has not been our experience. 


Prone Position 


When the child is supine, the relationship of the kidneys 
to each other and to the spine is similar to that seen in 
adults. Specifically, the right kidney is about half a vertebral 
body caudad to the left about two-thirds of the time. In 
6%, the left kidney is lower than the right.” 

CT studies of the appearance of the kidneys indicate 
that many changes occur as the patient moves from the 
supine to the prone position.” Both kidneys move caudally 
during a shift to the prone position, the left more than the 
right. Inferences about suprarenal masses should be made 
with caution on prone films. 

The renal pelves and ureters are ventral (anterior) to the 
calyces. Prone positioning enhances opacification of the 
renal pelvis and ureter by draining contrast into them” ”* 
(see Figs. 6-191B, 6-193B, 6—-194B, 6-195B, and 6—-196B). 
This maneuver may help differentiate ureteropelvic junc- 
tion obstruction from distal ureteral obstruction and can, 
for maximum effect, be combined with either or both 
bladder emptying and drainage (see Figs. 6-192B, 6-198B, 
6-199C, 6-200B, and 6-201). Drainage of urine from the 
calyces can also produce minimal dilatation of the renal 
pelvis on US, even in the absence of obstruction.” 

Prone positioning will change the location of contrast in 
the bladder because contrast medium is heavier than urine 
and falls to the dependent portion. When the child is 
prone, the anterior portion of the bladder, which is also 
superior, becomes opacified. The region of the ureteral 
orifices may be bathed in nonopacified urine, which in 
association with the parallax effect explains why on prone 
films the distal ends of the ureters may project caudal to 
contrast in the bladder and simulate an ectopic insertion. 
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FIGURE 6-200 + Excretory urogram (EU)—value of catheterization in a child with reflux. A, A spot film from voiding cystourethrography captures 
the bilateral grade 4 vesicoureteral reflux. The single smooth midline bladder diverticulum may represent a urachal remnant. B, Before contrast 
injection, the bladder was catheterized and drained. Drainage continued during filming. On this EU film the pyelocalyceal systems have a normal 
appearance and the ureters contain no contrast. Note the dysraphic lumbar spine, the dislocated right hip, and the abdominal portion of the 
ventriculoperitoneal shunt. 


FIGURE 6-201 ° Simple ureterocele—value of a bladder catheter. A 
lucent margin demarcates the spring onion or cobra head appearance. The 
ureter on the affected side is dilated in comparison to the contralateral 
normal ureter (arrowhead). A catheter, inserted to enhance bladder drain- 
age, delineates the obstructive anatomy. 


FIGURE 6-202 * Excretory urogram—enhanced visualization 
of the kidneys. A carbonated beverage distends the stomach with 
gas, displaces bowel, and improves visualization of the kidneys. 
The distance between the upper calyx and the cortex of the left 
upper pole is increased, the most superior calyx is laterally 
positioned, and the proximal end of the left ureter is displaced 
laterally. This constellation of findings suggests duplication, 
which was later confirmed. 


Bladder Emptying 


A full bladder may produce distention of the ureters, as 
well as the pyelocalyceal systems, and may sufficiently in- 
terfere with ureteral drainage to the extent that the bladder 
is not even faintly opacified. A distended bladder produces 
soft tissue fullness in the pelvis and displaces pelvic bowel 
as. 

i Whenever hydroureteronephrosis is present on EU, a 
postvoid (or post—catheter drainage) abdominal radiograph 
should be performed (see Fig. 6-199). The bladder may 
be densely opacified on this film because contrast from the 
upper tracts then drains into it. 


Voiding Film 


Occasionally, the clinical history will suggest a urethral 
lesion but the referring physician or patient’s family may 
be resistant to voiding cystourethrography because of the 
need to catheterize the child. In this setting, the urethra 
may be evaluated by having the excreted contrast voided 
during exposure of a single oblique film centered over the 
urethra or during fluoroscopy. Although this film can pro- 
vide valuable information, much of the information ob- 
tained on a standard voiding cystourethrogram will not be 
obtained. This technique, called excretory voiding cys- 
tourethrography, is not routinely recommended. 


NORMAL VARIANTS 
Kidney 


Pyelocalyceal System 


The normal renal pelvis, infundibula, and calyces vary 
widely in appearance. A box-shaped extrarenal pelvis is as 
normal, but not as frequent, as the delicate funneled pelvis. 
The arrangement of the infundibula to the pelvis is also 
quite varied, as is the depth or flatness of the papillae. 
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Most people will have 10 to 14 calyces per kidney, and 
the number tends to be similar on each side. Rarely, a 
solitary calyx may be present.” 


Fetal Lobation 


The kidney is composed of many segments that fuse during 
fetal life. The zone of fusion is marked by an indentation 
of the cortex, or a lobation. The lobation is, by definition, 
between lobes and has no calyx or papilla beneath it.” 
Thus fetal lobation can be differentiated from pyelo- 
nephritic scars, which occur directly above a calyx, or 
from a column of Bertin, which contains a calyx but no 
indentation of the normal renal contour. In most children, 
fetal lobations are effaced (not visualized on EU) by the 
age of 2 years. In about 10% of the population, they persist 
throughout life. 


Column of Bertin 


In the process of fusion, a lobe will occasionally develop in 
a more central location, close to the renal pelvis. The 
renal cortex extends centrally to relate to its medulla and 
calyx; this infolding of cortex creates a “pseudomass” that 
displaces the more normally positioned calyces (Fig. 6- 
203). Typically occurring in the upper-polar or midpolar 
regions, the diagnosis is made by identifying the anomalous 
calyx on EU, normal renal cortex on nuclear scintigraphy, 
or normally echogenic renal cortex extending into the renal 
sinus on US.'~ More detailed descriptions of the appear- 
ance on US are available.®® 8! 


Disappearing Calyces 


Contraction of smooth muscle around the calyces may keep 
contrast from entering and opacifying them. The process 
does not affect all the calyces equally at a given time. Thus, 
during any EU, a number of the calyces may not be 
visualized. On subsequent EU, some previously seen caly- 
ces may not be opacified and some “new” calyces may 
be visible.® 


Underdevelopment of the renal medulla, associated with 
minimal or mild enlargement of the calyces, is termed 
congenital megacalyces or megacalycosis.* This process can 
be diffuse or focal and should be diagnosed only in the 


absence of obstructive lesions. 


Ureter 
Fetal Folds 


Tiny transverse lucencies in a redundant proximal ureter 
may suggest an obstructive process, but the pyelocalyceal 


FIGURE 6-203 ° Obstructed lower-pole duplication, 10-minute prone 
film from an excretory urogram. The left kidney has a bifid renal pelvis, a 
normal variant. Note the calyx (arrow) beneath a septum of Bertin, which 
has produced a subtle mass effect on both adjacent infundibula. On the 
right the upper pole is displaced superiorly and the ureter is deviated 
medially by a poorly enhancing structure, the obstructed lower pole. On 
this film it is impossible to differentiate complete from incomplete duplica- 
tion of the right ureter. 


system will not be dilated (Fig. 6-204; see also Figs. 6- 
176A and 6-184A). These folds are normal in the fetus, 
are not uncommon in the very young, and tend to disap- 
pear with age. They should not be confused with the rare, 
obstructive ureteral valve. Their frequency has not been 
determined. 

Notching of the ureter in older children is not a normal 
variant but suggests enlargement of the ureteral vessels 
because of collateral circulation. Arterial or venous chan- 
nels may be dilated, depending on the cause of the collat- 
eral circulation.*! 


FIGURE 6-204 + Transverse folds in the ureter, excretory urogram. Rem- 
nants of tissue along the proximal ureteral lumen of this 3-month-old child 
produce filling defects that efface and disappear as the child grows. 


Fine longitudinal folds, or “striations,” in the proximal 
end of the ureter are less likely to be a normal variant 
but more often result when a previously dilated ureter is 
decompressed, especially as in intermittent vesicoureteral 
reflux. 


Proximal Uretal Dilatation 


The ureters above the level of the common iliac vessels 
dilate in approximately one-third of pediatric urograms. 
The right ureter is dilated three times more frequently 
than the left (Fig. 6-205). Dilatation was more frequently 
present when the bladder was distended, but the degree 
of dilatation did not parallel the degree of bladder disten- 
tion.* This “physiologic” dilatation is not related to vesi- 
coureteral reflux. 


Ureteral Jets 


The jet phenomenon is the term given to forceful propul- 
sion of urine into the bladder through the ureterovesical 


FIGURE 6-205 ° Ureteral dilatation proximal to the iliac vessel crossing 
point. Mild and continuous dilatation of both middle and upper ureters 
is present proximal to this point. 
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FIGURE 6-206 • Bilateral bladder ears—voiding cystourethrogram. The 
inferior herniation of the bladder is greater on the left than on the right. 


junction. When the urine contains contrast, the jet may 
simulate an ectopic ureteral insertion (see Fig. 6—-179B). 
Jets are visible on US and have been used to locate the 
position of the ureteral orifice and hence predict vesicoure- 
teral reflux. Visualization of jets on EU cannot be used to 
predict or exclude vesicoureteral reflux. 


Bladder 


Bladder Capacity 


It is difficult to estimate bladder capacity from radiographs 
taken during EU. Bladder capacity is usually measured or 
estimated with US or cystography.*%*°° A normal bladder 
projects into the abdomen in infancy and early childhood 
and for this reason may appear excessively large. The blad- 
der should be smooth walled and free of intraluminal 
defects. Occasionally, filling defects produced when air 
enters the bladder during preceding voiding cystourethrog- 
raphy may simulate a tumor or ureterocele.* 


Bladder Ears 


Immaturity of the pelvic floor and a large inguinal ring 
may be associated with inferolateral herniation of a small 
segment of bladder (Fig. 6-206). The diverticulum-like 
structure, referred to as a bladder ear, is three times as 
common in boys as girls. It is present in about 10% of EU 
examinations done in early childhood but is less frequent 
in later life. 
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CHAPTER 7 


Retrograde Pyelography 


THOMAS J. IMRAY * ROBERT P. LIEBERMAN 
HOWARD M. POLLACK 


Retrograde pyelography is the roentgenographic demon- 
stration of the renal pelvis and ureter by the retrograde 
injection of radiopaque contrast material through the ure- 
ter. Prior to the development of intravenous urography 
(IVU), this was the only radiographic method for examining 
the urinary tract. Although still a valuable technique, retro- 
grade pyelography is performed less frequently today. This 
trend is primarily due to technical improvements in IVU, 
endoscopy, and, to a lesser extent, the development of 
ultrasonography, computed tomography (CT), and mag- 
netic resonance imaging (MRI). 


EARLY HISTORY OF RETROGRADE 
PYELOGRAPHY 


The development of retrograde techniques followed ad- 
vances in cystoscopy. Although primitive cystoscopes were 
first devised in 1806, it was not until 1877 that Nitze 
developed a practical instrument with an electric light 
source and lens system.! The first attempt to opacify the 
urinary tract for roentgenography was made by Tuffier in 
1897, only 2 years after Réntgen’s initial discovery of x- 
rays. He suggested the combination of a radiopaque ure- 
teral catheter and abdominal x-ray examination. Schmidt 
and Kolischer, in 1901, independently published roent- 
genograms demonstrating the course of the ureter by 
means of a ureteral catheter containing a radiopaque wire. 

Klose, in 1904, suggested the injection of a bismuth 
emulsion into the renal pelvis and ureter to opacify the 
collecting system during roentgenography. However, he 
never performed retrograde pyelography using bismuth 
because he feared that the renal pelvis might be irritated 
by this emulsion.? 

In 1906, Voelcker and von Lichtenberg were the first to 
successfully demonstrate the renal pelvis and ureter utiliz- 
ing a colloidal suspension of silver (Collargol). Allegedly, 
while they were obtaining a cystogram with this solution, 
the two urologists found that the colloidal silver had re- 
fluxed into the ureter and renal pelvis, and this finding 
inspired them to inject colloidal silver through a ureteral 
catheter to obtain a successful retrograde pyelogram. Voel- 
cker and von Lichtenberg labeled this account a fairly tale, 
however, and denied that it ever occurred. Regardless of 
how it began, their method became widely utilized within 
4 years.’ 

In 1909, Uhle and Pfahler suggested the use of silver 
iodide solution for retrograde pyelography. Higher concen- 
trations of the solution produced clearer delineations of 
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the collecting system, but they also caused more irritation 
to the urothelium. 

In 1911, von Lichtenberg and Dietlen reported a series 
of retrograde pyelograms performed with oxygen as a con- 
trast agent. This method, however, was not widely accepted 
because of the problem of differentiating gas in the ureter 
and kidney from that in bowel. 

Cameron, in 1918, was the first to employ a solution of 
sodium and potassium iodide. Potassium iodide proved to 
be toxic, but sodium iodide was widely utilized in retro- 
grade pyelography. 

Bluhbaum, Frick, and Kalkbrenner in 1928 advocated a 
new colloid, thorium dioxide (Thorotrast), which gained 
rapid acceptance because of its excellent radiopacity and 
patient tolerance. This early enthusiasm was short-lived. 
The thorium precipitated and adhered to the urothelium 
for prolonged periods, even as long as 50 years.’ It was 
also found to induce malignant change in tissues due to its 
radioactivity. 

Subsequent improvements in the procedure have come 
about with the development of less toxic contrast agents, 
better fluoroscopic equipment, and newer, less traumatic 
catheter materials. (For a detailed history of the early years 


of retrograde pyelography, see Braasch® or Narath’). 


TECHNIQUE 


Standard Single-Contrast Retrograde 
Pyelography 


Bowel preparation with cathartics is not routinely per- 
formed. However, if the bowel is opacified from previous 
contrast examinations, cathartics are indicated. A prelimi- 
nary radiograph of the abdomen is mandatory. This and all 
subsequent films should be numbered to avoid confusion 
during interpretation. Failure to use cathartics to clear a 
contrast-filled colon may result in an inadequate study 
(Fig. 7-1). 

Although it is technically possible to catheterize the 
ureters without cystoscopy,°* the retrograde opacification 
of the undiverted, nonrefluxing urinary tract is almost al- 
ways done through a cystoscope. The ureteral orifices must 
be identified and catheterized. The procedure may be 
performed under local anesthesia utilizing intraurethral li- 
docaine jelly, although general anesthesia is often required, 
especially in males. Sterile technique is mandatory. 

Many kinds of ureteral catheters are available commer- 
cially. The most commonly used sizes range from 4 to 


FIGURE 7-1 + Inadequate bowel preparation and failure to obtain a 
preliminary film may result in a worthless examination. 


7 F. The whistle-, round-, and olive-tipped catheters are 
general-purpose instruments used for retrograde pyelogra- 
phy, urine collection, and drainage. The spiral-tipped cath- 
eter is useful in negotiating curves and kinks in the ureters. 
The acorn-, bulb-, and cone-tipped catheters have enlarged 
ends that are designed to obstruct the ureteral orifice (Fig. 
7-2). These catheters have closed ends that assist their 
penetration of the ureteral orifice. Open-end catheters 
have gained popularity because they allow not only retro- 
grade pyelography, but also the passage of a guide wire, 
thereby facilitating the introduction of curved catheters 
and stents. 

Because they do not have a smooth tip, open-ended 
ureteral catheters are usually passed over a guide wire, 
necessitating an extra step. The Universal ureter catheter 
(Cook Urological, Spencer, IN) was designed to overcome 
this disadvantage.” This smooth-ended catheter has a termi- 
nal opening just proximal to its tip, permitting wires or 
even small brushes to pass through easily, as is the case 
with open-ended catheters (Fig. 7-3). 

Like an ordinary closed-end catheter, the Universal 
mode] passes smoothly up the ureter, but unlike the former, 
the side holes of which can make guide wire passage tricky, 
the terminal opening poses no such difficulty. Thus, it can 
be used for relatively mundane tasks, such as retrograde 
pyelography, or when the need arises, it can be easily 
converted to an endourological conduit for biopsy, stenting, 
or dilation. Ureteral catheters with flexible tips are also 
available. 

Most ureteral catheters are radiopaque, permitting fluo- 
roscopic visualization during manipulation and documenta- 
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tion of catheter position on subsequent abdominal roent- 
genograms. The opaque catheter can be used to identify 
the course of the ureter and to determine if a pelvic 
calcification is within the ureter. The catheter may obscure 
a small calcification, but this problem can usually be solved 
with oblique films. 

One technique of retrograde pyelography involves wedg- 
ing an acorn-, bulb-, or cone-tipped catheter in the ureteral 
orifice and injecting contrast material with a syringe or by 
gravity flow. This type of study often facilitates an excellent 
evaluation of the ureters and upper collecting system be- 
fore the passage of ureteral catheters.” Three to 5 mL of 
contrast medium is injected slowly, to avoid extravasation, 
and frontal or oblique radiographs are obtained. If subopti- 
mal opacification of the ureter or renal pelvis occurs, the 
injection may be repeated with a larger volume. This type 
of study can rule out obstruction, demonstrate the course 
of the ureter, and, if delineation of the collecting system is 
adequate, obviate passage of ureteral catheters (Fig. 7—4). 
Occlusive-tip or “bulb” pyeloureterography is useful when 
difficulty is experienced in passing a ureteral catheter. Its 
major disadvantage is the need to constantly observe the 
catheter tip through the cystoscope to ensure that it re- 
mains wedged in the ureteral orifice. This can be awkward 
when the patient must be rotated into the oblique position. 

Another technique of retrograde pyelography involves 
passing a catheter to the upper ureter or renal pelvis (Fig. 
7-5). The catheter is advanced for a distance that varies 
among patients. The distance from the ureteral orifice to 
the ureteropelvic junction is approximately 25 cm in most 
adults. Correct assessment of this distance is important. If 
the catheter is advanced too far or if too much force is 
employed, the catheter may perforate a calyx and penetrate 
the renal parenchyma (Fig. 7-6). Ureteral catheters occa- 
sionally break, leaving a portion of the catheter in the renal 
pelvis or ureter (Fig. 7-7). Coiling of the catheter presents 
another risk of overzealous advancement, because twisting 
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FIGURE 7-2 * Commonly used ureteral catheters, from top to bottom, 
have round, olive-shaped, spiral-shaped, and cone-shaped or “bulb”- 
shaped tips. 
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FIGURE 7-3 * Universal ureteral catheter. A, A 5 F Universal catheter with a .038-inch guide wire emerging near tip. Note smooth tip. B, Radiograph 


comparing ordinary whistle-tip ureteral catheter (above) to Universal catheter (below). Note how side holes in whistle-tip catheter can present problems 
in manipulating guide wire out of catheter. Unique design of Universal catheter allows easy exit, however. 


or withdrawal of a coiled catheter may form a knot within 
the renal pelvis or ureter (Fig. 7-8). Several measures can 
be undertaken to avoid these complications. Because most 
patients undergo IVU before retrograde catheterization, 
the position of the kidneys should be noted, and this 
information should be used to determine the distance that 
catheters are passed. The preliminary film of the retrograde 
study may also assist in localizing the approximate level of 
the ureteropelvic junction. If fluoroscopy is available, the 
passage of the catheter can be monitored. 
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FIGURE 7-4 * Normal “bulb” or plug pyelogram shows the entire 
collecting system outlined with a single injection. 


Recent reports have described successful retrograde 
catheterization of the ureter without cystoscopic assistance. 
Under sterile conditions, a catheter is passed transure- 
thrally into the bladder. A guide wire is then directed 
toward the ureteral orifice with a curved catheter. Dilute 
contrast is instilled in the bladder to outline the trigone 
and assist in locating the ureteral orifice. The area is then 
gently probed with a soft-tipped wire to enter the ureter. 
A catheter is inserted over the wire to cannulate the ureter. 
This procedure can be used for routine retrograde pyelog- 
raphy as well as for a variety of endourological proce- 
dures. 


FIGURE 7-5 * Normal retrograde pvelogram utilizing ureteral “whistle- 
tip” catheter is shown. 


FIGURE 7-6 * Ureteral catheter has perforated an upper-pole calyx and 
entered the renal parenchyma. 


Contrast material may be injected by syringe or instilled 
by means of gravity. The syringe method, which is less 
time-consuming, is the method generally employed. If the 
gravity method is used, the container should be elevated 
no more than 50cm above the level of the kidney to 
prevent extravasation and to minimize the risk of back- 
flow." If a syringe is used, the injection should be made 
slowly, and the injection should be terminated if the patient 
complains of fullness or pain in the flank. Three to 5 mL 
is usually adequate in a nondilated upper collecting system. 
Fluoroscopic monitoring, if available, can reduce the risk 
of overdistention. In addition, positioning, coning, and cus- 
tomizing of the study is readily optimized when fluoro- 
scopic monitoring is employed. With the widespread avail- 
ability of fluoroscopic-radiographic cystoscopy units, the 
need for old-fashioned “blind” retrograde pyelography is 
rapidly dwindling. Even when such units are not available, 
patients can be transported to the radiology suite with 
ureteral catheters in situ, fastened to a Foley catheter, and 
the radiographs can be performed. The diagnostic quality 
of fluoroscopically monitored retrograde pyelograms is 
much superior to “blind” techniques, so every attempt 
should be made to perform retrograde pyelograms in this 
way routinely. 

Any of the contrast agents currently used for IVU may 
be employed for retrograde pyelography. A 15% to 45% 
concentration of the contrast medium gives adequate opac- 
ification of the collecting system, but care must be taken 
when using the more concentrated solutions not to obscure 
small intraluminal filling defects, especially in a voluminous 
renal pelvis. 

Filming techniques are similar to those used in plain film 


radiography. Low-kilovoltage technique (65 to 75 kV[p]) 
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should be employed to enhance visualization of calculi and 
the contrast medium. After 3 to 5 mL of contrast medium 
has been injected, an exposure is taken immediately, with 
the patient supine, to obtain maximum opacification. 
Oblique or lateral films, although difficult to obtain in this 
setting, may provide significant additional information. If 
the films obtained are not adequate, it is important to 
leave a catheter in the upper ureter and to repeat the 
examination. 

Delayed films after retrograde pyelography can be help- 
ful in determining the presence of significant ureteral ob- 
struction. These films should be obtained after the patient 
has been standing or sitting for 5 to 15 minutes. The films 
may be taken with the patient supine or erect. Retention 
of contrast material in the renal pelvis or ureter on delayed 
films is abnormal and may imply obstruction (Fig. 7—9). 
The possibility of catheter-induced ureteral spasm must 
also be considered. 


Gas Pyelography and Double-Contrast 
Pyelography 


If the radiopacity of a calculus is similar to that of the 
contrast medium, the calculus can sometimes be difficult 


FIGURE 7-7 « Intravenous urogram demonstrates a ureteral catheter 
fragment in the right renal pelvis and ureter. The catheter broke as it was 
being withdrawn. The catheter fragment was removed 4 months later 
using a ureteral stone basket catheter. Note the malrotated left kidney. 
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FIGURE 7-8 « A, Retrograde ureteral catheter has knotted during passage. B, Oblique projection confirms the catheter knot. 
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FIGURE 7-9 * A, Retrograde pyelogram shows moderate hydrone- 
phrosis and narrowing of the lower right ureter (arrows). B, A 30- 
minute film shows retention of contrast material, indicating significant 
obstruction. 
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to delineate on positive-contrast retrograde pyelography, 
because like or increased density of the surrounding con- 
trast can obscure the calculus. In this instance, a gas pyelo- 
gram may be helpful. Carbon dioxide (CO3) is the safest 
medium, but if administered carefully, air, the most conve- 
nient medium, can be substituted. An amount of 15 to 
20 mL of gas is introduced into the renal pelvis. The head 
of the table should be elevated to retain the gas and 
displace the urine from the upper collecting system.” If a 
double-contrast study is desired, 3 to 5mL of contrast 
media is injected immediately prior to instillation of gas 
(Fig. 7-10).'2 Gas embolism has been reported with gas 
pyelography, so the injection should be slow and the study 
monitored by fluoroscopy.’ If larger volumes of gas are 
required, CO, should be seriously considered to reduce 
the risk of air embolism.'* Because of the need to maneu- 
ver the patient during the injection, this technique is most 
efficiently performed on a tilting fluoroscopic table. Gas 
pyelography is now rarely performed. When positive-con- 
trast pyelography fails to provide the desired information, 
CT and/or ultrasound or ureteroscopy will almost always 
do so. Double-contrast pyelography has the potential for 
yielding a great deal of information about intraluminal 
renal pelvic and ureteral lesions. One problem is that 
current water-soluble contrast media lack the mucosal coat- 
ing properties necessary to produce ideal double-contrast 
studies. 


INDICATIONS, CAUTIONS, AND 
COMPLICATIONS 


Retrograde pyelography allows controlled opacification of 
the calyces, renal pelvis, and ureter.” Of its several indica- 
tions, most revolve about its use as a means of providing 
enhanced visualization of the pelvis and/or ureter when 
either or both of these structures are visualized subopti- 
mally or not at all on prior studies (e.g., IVU).'©'° 
Unfortunately, what constitutes adequate visualization of 
the renal collecting system and ureter, especially in patients 
with hematuria, is highly subjective and has been the sub- 
ject of some pointed commentary in the medical literature, 
with disparate viewpoints being recorded even from within 
the same institution.” Other indications for retrograde 


pyelography include the following: 


l. Evaluating the collecting system in patients who 

cannot or should not receive contrast medium intra- 

venously (contrast reactions are possible, but they 

are rare with retrograde studies). 

Brushing and/or biopsy of suspected lesions. 

Demonstrating the exact site of a ureteral fistula.” 7° 

Diagnosis of ureteral injury.” 

As a roadmap prior to percutaneous procedures of 

the kidney or ureter. 

6. Evaluation of the ureteral stump following nephrec- 
tomy. 
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FIGURE 7-10 ° A, Retrograde pyelogram shows a filling defect in the upper-pole calyx (arrow). Plain film showed no calcification in this area. B, 
Double-contrast pyelogram indicates that the lesion is attached to the wall of the calyx (arrow). This lesion was a benign fibroepithelial polyp. (Courtesy 


of Hal Mardis, M.D.) 
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Older indications for retrograde pyelography, such as 
localization for renal biopsy, quantification of upper tract 
emptying (“trap” film), and gas pyelography, have been 
replaced by more informative and less invasive techniques. 

It should be emphasized that unless it is contraindicated, 
IVU should be performed prior to diagnostic retrograde 
pyelography.* IVU is a more physiological study and pro- 
vides much more information regarding the renal paren- 
chyma than does retrograde pyelography. 

Retrograde catheterization must be performed with cau- 
tion if a small calculus is present in the distal ureter. 
Injection could force the calculus into the proximal ureter 
or renal pelvis and make removal more difficult.” 

There is controversy regarding the use of retrograde 
pyelography in the preoperative evaluation of ureteropelvic 
junction (UPJ) obstruction. Some authors state that in 
infants with UPJ obstruction, postnatal ultrasound, voiding 
cystourethrography, and nuclear renography complete the 
diagnostic evaluation, and IVU and retrograde pyelography 
are unnecessary in the majority of infants.*° *! Other au- 
thors state that these are necessary if the ureter has not 
been adequately shown by other means.*? 3 

The retrograde pyelogram is an invasive procedure that 
requires cystoscopy and catheter manipulation of the ure- 
ter. Complications include perforation of the ureter or 
renal pelvis (Figs. 7-11 and 7-12). This complication is 
more likely to occur with larger, stiffer catheters and subop- 
timal technique. Although withdrawal of the ureteral cathe- 
ter and conservative therapy often result in healing, urino- 
mas or abscesses may form, especially in the presence of 
distal obstruction or infected urine. 


FIGURE 7-11 ° Perforation of the distal left ureter during retrograde 


catheterization is shown. Injected contrast material extravasates and docu- 
ments the perforation. 
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Ureteral catheters can fracture or separate during retro- 
grade pyelography. This is more commonly seen with the 
indwelling type of catheters or with stents. Endourological 
procedures can be used to retrieve catheter fragments.” 

In patients who have had urinary diversion, fluoroscopi- 
cally guided transconduit retrograde urethral catheteriza- 
tion can often be performed for reasons other than 
high-grade anastomotic obstruction. This can replace per- 
cutaneous nephrostomy in selected cases and be used to 

rovide drainage for partially obstructive strictures or cal- 
culi. This allows performance of endourological procedures 
via the bowel conduit.” 

Introduction of infection is always a risk. Breach of 
sterile technique does occur during retrograde catheteriza- 
tion. Bacteria can be introduced into the upper collecting 
system or into the blood stream, resulting in sepsis. Injec- 
tion of contrast medium above a point of obstruction can 
lead to fulminant sepsis requiring prompt intervention. 
Retrograde pyelography should be undertaken cautiously 
in the presence of an active urinary tract infection or 
obstruction.” Nor should retrograde pyelography be un- 
dertaken in patients with a subarachnoid-ureteral shunt.*’ 

Although it has often been erroneously assumed that 
contrast material is not absorbed during retrograde pyelog- 
raphy, life-threatening and even fatal reactions have oc- 
curred during these procedures.**“' Because of potential 
absorption, only contrast agents that are safe for intrave- 
nous use should be employed. Lipid contrast medium 
carries the risk of pulmonary emboli. In patients with a 
history of serious contrast reactions, these studies should 
be approached with caution. Considerations should be 
given to using nonionic contrast media and steroid pre- 
medication. The physician performing retrograde pyelogra- 
phy should be competent in the treatment of contrast 
reactions. In patients with a history of prior severe contrast 
reactions, MRI with gadolinium can provide excellent dem- 
onstration of the kidneys, ureters, and bladder with an 
extremely low risk of adverse contrast reaction.* 

Over the years, the advisability of performing bilateral 
retrograde pyelograms on the same day has been de- 
bated. Hydronephrosis and acute renal failure have 
been reported to follow bilateral retrograde catheteriza- 
tion. These complications appear to result from edema 
and obstruction secondary to trauma of the intramural 
distal ureter. Considering the large number of uneventful 
bilateral retrograde catheterizations and pyelograms per- 
formed daily, this type of complication must be unusual. It 
is probably still advisable to restrict retrograde pyelography 
to the side of interest and to utilize the smallest catheter 
consistent with a successful study. Retrograde pyelography 
should not be performed without a bonafide, appropriate 
indication. 


BACKFLOW 


During retrograde pyelography, contrast material may ex- 
travasate from the collecting system into surrounding tis- 
sues, even in the absence of prior catheter trauma. This 
phenomenon, called backflow, results from excessive injec- 
tion pressure.” Several radiographically distinct types of 
backflow have been recognized." 
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FIGURE 7-12 * Perforation of the renal pelvis medially during retrograde catheterization is shown. A, Catheter has been passed proximally, well 
above the right kidney. B, The catheter has been withdrawn to the L5 level. Injected contrast material extravasates from the renal pelvis. 


Intrarenal Backflow 


Intrarenal backflow is characterized by wedge-shaped areas 
of fine striations or a blush of contrast radiating from a 
calyx, often reaching the outer surface of the kidney.'! The 
phenomenon may involve only one calyx or all calyces and 
is more common at the upper and lower renal poles. 
Contrast material enters the collecting ducts and may ex- 
tend as far as the glomeruli. Under increased pressure, it 
enters the interstitium through tubular leakage.” ™ Usually 
it is not possible to differentiate pyelotubular from pye- 
lointerstitial backflow on radiographs (Fig. 7-13). The term 
intrarenal reflux should be reserved for the phenomenon 
occurring during voiding cystourethrography, even though 
intrarenal reflux may have the same pathophysiologic char- 
acteristics and risk as intrarenal backflow. 


Pyelosinus Backflow 


Pyelosinus backflow is caused by microscopic tears in the 
mucosa of the calyces at the fornices, which occur second- 
ary to overdistention of the renal pelvis and calyces during 
retrograde pyelography. The extravasated medium enters 


FIGURE 7-13 © [ntrarenal backflow during retrograde pyelography. This 
may represent pyelotubular backflow or a combination of pyelotubular 
and pyelointerstitial backflow. 
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the renal sinus and may obscure the collecting system 
(Fig. 7-14). 


Pyelolymphatic and Pyelovenous Backflow 


Intrarenal extravasation of contrast material or its absorp- 
tion from the renal sinus may lead to opacification of 
lymphatics (pyelolymphatic backflow).’ This is easily recog- 
nized by the opacification of multiple fine vascular channels 
in the hilum of the kidney directed toward the para-aortic 
or paracaval lymph nodes (Figs. 7-15 and 7-16). These 
channels generally follow the course of the renal veins. 
Occasionally, extravasated contrast medium may enter ve- 
nous channels (pyelovenous backflow).°° This occurrence is 
rarely documented on radiographs, probably because the 
amount of medium entering the veins is small, and the 
flow in renal veins is rapid, leading to dilution (Fig. 7-17). 


Avoidance of Backflow 


Intrarenal backflow should be avoided because it decreases 
the overall diagnostic quality of the examination and in- 
creases the risk of sepsis. Intrapelvic pressure should be 
kept within a range of 0 to 30 mm Hg during retrograde 
pyelography, with slow injection or gravity being used to 
instill contrast material. Small nonocclusive catheters also 
reduce the risk of backflow because they allow flow around 
the catheter and down the ureter. Backflow occurring at 
normal pressures should raise the possibility of decreased 
viability of renal parenchyma, such as may be the case in 
renal artery occlusion or renal vein thrombosis. 


RETROGRADE URINE COLLECTION, 
BRUSHING, AND FORCEPS BIOPSY 


Retrograde catheterization is often performed to evaluate 
a persistent filling defect within the renal pelvis or ureter. 
If urine is to be collected for cytological examination, urine 
specimens are best collected before the injection of any 
contrast material.” Hypertonic contrast solution causes de- 
hydration and distortion of the urothelial cells, making 
cytological evaluation more difficult.” If contrast medium 
must be used before urine collection, a low concentration 
or low-osmolality agent should be employed. The medical 
literature also suggests irrigating away any contrast material 
with saline solution before the collection of urine for cyto- 
logical examination. Because diagnostic cells may be 
flushed out during irrigation, the urologist should not dis- 
card the contrast-containing irrigant solution. 

Unfortunately, cytological study of urine has a relatively 
high rate of false-negative results (22% to 67%), in part 
owing to the well-differentiated appearance of many uro- 
thelial tumors.” To increase the yield of positive cytological 
examinations, nylon or steel bristle brushes can be intro- 
duced through an open-ended or Universal catheter to 
obtain cells.* This is best performed under fluoroscopic 
guidance. The equipment and techniques used for brush 
biopsy of the upper urinary tract are modified from tech- 
niques used by Gill and associates. 


FIGURE 7-14 * Pyelosinus backflow during retrograde pyelography is shown in two different patients. A, Contrast leaks from upper-pole calyces into 
the renal sinus, obscuring detail of the renal pelvis. B, Following bilateral retrograde injection, massive pyelosinus backflow leads to extensive bilateral 
extravasation throughout the retroperitoneum. 


FIGURE 7-15 * Pyelolymphatic backflow is shown. Right retrograde À i 
pyelogram shows slight overdistention of the renal pelvis and filling of FIGURE 7-16 * Pyelolymphatic backflow is shown in a left retrograde 
renal hilar lymphatics (arrows). pyelogram. 
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FIGURE 7-17 * Retrograde pyelogram shows overdistention and pyelo- 
venous backflow. Note filling of left renal vein (arrows). 


Brown and co-workers introduced the concept of an 
endobronchial steerable catheter tip, which was subse- 
quently modified by others. The possibility—although it 
is slim—of mistaking a benign lesion of the urothelium for 
a malignant one is too serious to justify surgery on the 
urinary tract without a concerted attempt to obtain a pre- 
operative tissue diagnosis. In rare cases—in a long-standing 
functionless kidney, for example—nephrectomy may be 
necessary in any event, and the need for a precise preoper- 
ative diagnosis of tumor may not justify additional invasive 
procedures. For the most part, however, a histological or 
cytological diagnosis is desirable before definitive therapy 
is instituted. If a renal pelvic filling defect is present on 
urography in a patient whose bladder is normal, and malig- 
nant urothelial cells are seen in a voided urine specimen, 
the diagnosis is obvious, and further diagnostic studies 
are superfluous. In all other cases, either brush biopsy or 
ureteroscopic biopsy is indicated. 

Undoubtedly, the recent advances in ureteroscopy and 
its burgeoning popularity in urological diagnosis have 
somewhat diminished the frequency with which brush bi- 
opsy of the upper urinary tract is employed. However, 
brush biopsy has significant advantages when compared to 
ureteroscopy: (1) Ureteroscopy requires anesthesia, but 
brush biopsy, once a ureteral catheter has been placed, 
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is readily accomplished without the need for additional 
anesthesia other than that required for insertion of a cysto- 
scope. The brush procedure itself, which is done under 
fluoroscopy, is not painful and is generally accomplished 
with the use of mild sedation. Thus, the brush biopsy 
procedure can be performed easily in outpatients. (2) The 
potential complications with brush biopsy are few and are 
relatively minor as compared to those with ureteroscopy. 
Therefore, in many institutions brush biopsy remains the 
next diagnostic step following the disclosure of a potential 
transitional cell lesion by imaging. If brush biopsy confirms 
the suspicion of malignancy, the diagnostic work-up is com- 
plete. In such situations, ureteroscopy is reserved for the 
case in which brush biopsy does not produce the antici- 
pated result or when the presence of multiple lesions is 
suspected. 


Technique of Brush Biopsy 


Although antegrade brush biopsy of renal pelvic lesions 
through a percutaneous nephrostomy has been described,” 
this procedure is frowned on by almost all urologists be- 
cause of the propensity for transitional cell carcinomas to 
seed onto raw surfaces. The likelihood of this complica- 
tion has been estimated to be as high as 10%,® and it is 
probably greater with less well-differentiated lesions than 
with those of low-grade lesions. Unless the circumstances 
are compelling, therefore, the procedure should be accom- 
plished exclusively from below. 

Retrograde brush biopsy may be performed on either 
inpatients or outpatients. Because of the possibility of post- 
procedural bleeding and/or ureteral edema, it is best to 
leave a 5 F ureteral catheter or single-pigtail stent in place 
for 24 hours after biopsy. (The urine so collected is also 
examined cytologically). All patients receive prophylactic 
parenteral antibiotics before and for 24 hours after the 
procedure. Although fluoroscopy is not strictly essential for 
its performance, brush biopsy performed under fluoro- 
scopic guidance is much more precise than biopsy per- 
formed under radiographic control. Fluoroscopic monitor- 
ing, with spot film capability is therefore strongly 
recommended. 

Access to the upper urinary tract is provided by a pre- 
viously inserted open-ended or universal 5 F catheter. A 
nylon-bristle brush mounted on a guide wire (Cook Urolog- 
ical) is easily passed to the renal pelvis or ureter (Fig. 
7-18). An ordinary whistle-tipped catheter cannot be used, 
but it must be exchanged for one of the other types to 
accommodate the biopsy brush. This exchange is carried 
out through the urethra under fluoroscopic control without 
the need for additional endoscopy. The exchange wire may 
be either a Lunderquist-Ring torque wire (Cook), or an 
Amplatz Super Stiff guide wire, either of which can be 
manipulated easily through the side of the universal cathe- 
ter. We prefer, however, to utilize a long, thin-walled, 6 to 
8 F sheath (Cook Urological) over the catheter until the 
sheath is in the ureter or renal pelvis. The catheter is then 
withdrawn and the manipulation is done directly through 
the sheath.” If desired, however, the brush biopsy may be 
carried out exclusively through the 5 F Universal ureteral 
catheter, which combines the atraumatic feature of the 
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FIGURE 7-18 ° Standard straight wire nylon biopsy brush and set of 
curved biopsy brushes. The set of four biopsy brushes depicted here 
includes one straight wire brush, one slightly curved wire brush for the 
upper calyx, one wire brush bent at almost a right angle for the middle 
calyces, and one bent at an acute angle for lower calyceal insertion. 


(Courtesy of Cook Urological, Inc.) 


whistle-tipped catheter and the convenience of an open- 
ended catheter.° Not only can a 0.038-inch guide wire be 
passed easily through the Universal catheter, but a small 
biopsy brush will also fit through the terminal opening 
without the need to exchange catheters. 

Sheaths, of either the standard or the peel-away design 
(Cook Urological), may be used as conduits for catheters 
and brushes. Sheaths have a number of advantages.” With 
a sheath, torque is transmitted directly to the tip of the 
biopsy brush and is not dissipated in the ureter or bladder 
by catheter buckling. The patient is no longer annoyed by 
the to-and-fro motion of the catheter, which can be ex- 
changed as often as desired without causing discomfort. 
Sheaths have the further advantage of permitting the use 
of biopsy forceps to supplement the nylon brush if desired 
(Fig. 7-19). ” Brush biopsy of the distal ureter carries 
the risk of inadvertent dislodgment of the catheter from 
the ureter if the catheter is withdrawn too far distally. The 
use of a safety wire during distal ureteral brushing is 


therefore recommended, as this will allow prompt reinser- 
tion of the catheter should this mishap occur (Fig. 7-20). 
The wide variety of catheters and guide wires available at 
present make it possible to carry out retrograde brush 
biopsy even under the most technically demanding condi- 
tions, including manipulating through large and small 
bowel conduits.” 

Although the ureter, renal pelvis, and upper calyx are 
easily accessible with a straight catheter and a brush that 
is mounted on a straight guide wire (see Figs. 7-18 and 
7-21), modifications are necessary to reach the middle and 
lower calyces (see Figs. 7-18 and 7-22). Precurved guide 
wires on which standard brushes are mounted (Cook Uro- 
logical) or a deflectable wire-brush combination (Cook 
Urological) solves this problem nicely (Fig. 7-23). The 
same end can be accomplished by employing precurved 
angiographic catheters. The appropriately curved catheter 
is manipulated into the calyx of choice, and the brush is 
then inserted. Here, again, a coaxial sheath, positioned in 
the base of the infundibulum, is helpful; it prevents the 
catheter from suddenly backing out of the calyx as the wire 
(with attached brush) passes through its acutely curved 
segment. If a sheath has not been employed at the outset 
of the procedure, it can be passed over the catheter at 
any time. 

The position of the catheter and its relationship to the 
mucosal filling defect are revealed by instilling contrast 
medium under fluoroscopic control and performing spot 
films, if necessary. Studies have demonstrated that, under 
certain circumstances, contrast media may distort urothelial 
cells, even to the extent of producing changes that simulate 
those of low-grade malignancy. McClennan and co-work- 
ers, for example, found that application of diatrizoate meg- 
lumine (Hypaque) to the renal pelvis (especially in high 
concentrations) could produce pyknosis, fragmentation of 
nuclei, cytoplasmic vacuolization, and a decreased nucleo- 
cytoplasmic ratio of exfoliated transitional cells.” They 
pointed out that such changes simulate those seen in low- 
grade neoplasms and implied that contrast medium be 
employed in concentrations no greater than 12.5%. Barry 
and colleagues found that, contrast media; despite produc- 
ing occasional cellular alterations, rarely invalidated the 
results of a careful cytological examination.“ More recent 
investigations with nonionic media suggest that at equal 
concentrations, these media produce less distortion of cell 
morphology than do ionic agents.” Used in isomolar con- 
centration, therefore, iodinated contrast media do not ap- 
pear to cause serious problems in cytological interpretation. 

After being placed against the lesion, the brush is moved 
with a short, vigorous to-and-fro motion followed by a 
rotary motion, which is repeated five or six times; the brush 
is then removed, leaving the catheter in place. Barbotage 
with 10 mL of normal saline solution is then carried out, 
followed by reinsertion of a fresh brush and repeated renal 
pelvic irrigation. The procedure is repeated a minimum of 
three times. If a sheath is in place, the catheter and brush 
may be removed as a unit, and both are replaced with 
fresh instruments for each application. Catheters should be 
irrigated and the effluent saved before they are discarded. 
After removal, brushes should be examined immediately, 
and any adherent tissue should be teased off with a needle 
and placed in the test tube used to collect the catheter 
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FIGURE 7-19 * Retrograde forceps biopsy of upper-calyceal lesion. A, Intravenous urogram reveals an irregular mucosal defect involving a right 
upper-pole calyx (arrows) in a 66-year-old man with gross hematuria. B, Since a prior brush biopsy produced indeterminate results, a 5 F forceps has 
been inserted through a 7 F sheath, and a larger tissue sample has been obtained for biopsy. Diagnosis: Transitional cell carcinoma. 


effluent. The brush is next smeared on a slide, and the 
slide is immediately fixed in 95% ethanol. The brush tips 
are cut off and immersed in normal saline solution or in a 
polyethylene glycol (Carbowax) fixative for later cell block 
analysis. The best results are obtained when a cytopatholo- 
gist is in attendance to immediately stain and examine the 
slides. Thus, the procedure can quickly be terminated 
when malignant cells are found, or it can be re- 
peated—with modifications—as necessary. Subsequently, 
cells blocks are made from the fluid in the test tubes as 
well as from the material in the saline or Carbowax solu- 
tion. When properly performed, the brush biopsy proce- 
dure yields enough tissue for histological, not merely cyto- 
logical, evaluation. 


Interpretation 


A discussion of the cytological characteristics of urothelial 
malignancy is well beyond the scope of this chapter. The 
interested reader is referred to dedicated treatment of this 
subject. ” It is important to be aware of some basic 
principles, however. First and foremost is the fact that 
cytopathology is a difficult art to master, and all attempts 


to make urinary tract brush biopsy a viable diagnostic tool 
rise and fall with the dedication, interest, and experience 
of the attending cytopathologist. In the absence of well- 
trained and enthusiastic individuals, the results will be 
disappointing. 

Although a number of classification systems for cytology 
exist, all are basically derived from the original Papanico- 
laou classification, which employed five categories (classes 
I through V), with class I representing normal cells and 
class V being unequivocally neoplastic cells. Later modifi- 
cations reduced the number of categories, and in some 
instances it even dichotomized the report into a simple 
“cancer or no cancer.” In the absence of a universally 
utilized system of classification, therefore, one must be 
thoroughly familiar with the lexicon employed in his or her 
own institution.” 

As stated previously, the cytological recognition of neo- 
plasms of low grade is especially difficult, since the exfoli- 
ated cells may resemble those from normal epithelium.” 
It is here that histology takes on added and vital impor- 
tance. If a papillary frond having a discrete fibrovascular 
core is identified, it can be presumed to be neoplastic. If 
no core is seen, the interpretation of tumor must be made 
with caution, since the material may merely represent 
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FIGURE 7-20 œ Use of a safety wire in brush biopsy of lower ureteral lesions. 
This patient had a filling defect in the left lower ureter that proved to be 
attributable to chronic inflammation. This film demonstrates a safety wire 
inserted retrograde through the urethra into the ureter. Its tip (not seen) is in 
the renal pelvis. The catheter and biopsy brush are in place in the distal ureter. 
The purpose of the safety wire is to permit easy reintroduction of a second 
catheter in the event that the original catheter should be inadvertently dis- 
lodged from the distal ureter during brushing. 
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FIGURE 7-21 + Brush biopsy of upper-calyceal lesion. A, On retro- 
grade pyelography, a small mucosal filling defect (arrow) is seen along 


i eA EST the lateral wall of a superolateral calyx. B, The nylon brush is in 
Lona ee nb aes contact with the lesion, and the biopsy is carried out. C, Representative 
aera ve caD. DENI field from cytological specimen obtained in this patient (X 400). A 
PRP RC: oe etl ESA tae papillary group of cells is seen. There is moderate nuclear atypia, 

Fre ard 2 if, = i indicative of a papillary transitional cell carcinoma of low grade. Diag- 

nosis: Transitional cell carcinoma. 
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FIGURE 7-22 © Brush biopsy of lower-calveeal lesion. A, With retrograde pyelography used for guidance and localization, a filling defect (arrow) is 


seen at the junction of the lower pole infundibulum and the renal pelvis. A precurved biopsy brush has been inserted and is easily introduced into the 
lower calys alongside the lesion. B, Representative field from cytological specimen obtained in this patient ( X 400). The field is filled with discohesive 
transitional cells with marked nuclear atypia in a background of acute inflammation, indicative of transitional cell carcinoma of high grade. Diagnosis: 
Transitional cell carcinoma 


FIGURE 7-23 * Deflectable wire biopsy brush. Note the various degrees 
of flexion of the catheter and brush that are possible with manipulation of 
the deflection handle. (Courtesy of Cook Urological, Inc.) 


clumps of normal epithelium cut tangentially. Clumps of 
highly malignant cells arranged in whorls or clusters, with 
or without capillaries, denote the presence of a more malig- 
nant tumor.®° 


Results 


The reported accuracy of brush biopsy and upper urinary 
tract lesions has been gratifyingly high. Several authors 
have reported experiencing no false or misleading results. 
°° In a detailed analysis of 50 cases, Gittes claimed a 
sensitivity of 76%, a specificity of 90%, and an overall 
accuracy of 78% for the method. More recently, Sheline 
and associates found that retrograde brush biopsy yielded 
both a sensitivity and a specificity of 92%. Using a class I 
to V system to classify the data from 41 patients suspected 
of having transitional cell carcinoma of the renal collecting 
system or ureter, they found that interpretations catego- 
rized as classes III, IV, or V had a predictive value of 100%. 
The predictive value of a negative or normal study (class 
I) was 86%. Because the major indication for brush biopsy 
is to rule out transitional cell carcinoma, the positive pre- 
dictive value of each cytological diagnosis is the most perti- 
nent statistical parameter. In this retard, brush biopsy, 
performed as described, is exceedingly reliable. It is much 
less so, however, when it fails to disclose the existence of a 
neoplasm, which could very well still be present if the 
brushings had been taken from an incorrect area or if the 
brushing had not been vigorous enough. 


Complications 


The complications of brush biopsy have been detailed by 
several authors.® *! Most frequent are flank pain and per- 
sistent hematuria (>12 hours). The former can be obviated 
by the temporary insertion of a 5 F ureteral catheter or 
single-pigtail stent. This complication is usually not a prob- 
lem when a catheter or stent is employed routinely after 
brush biopsy. Bloody urine, even if persistent, almost al- 
ways clears spontaneously. Gittes describes three patients 
with profuse hematuria requiring surgical exploration,® but 
Sheline and associates encountered no untoward bleeding 
in 51 brush biopsies.” Fever may be anticipated in approxi- 
mately 5% of patients,® but the routine use of antibiotics 
should prevent the development of serious urinary tract 
infections or sepsis. Extravasation of urine is ordinarily a 
minor and self-limited problem. It should be scrupulously 
avoided, however, in patients with urothelial cancer be- 
cause of the risk of retroperitoneal tumor seeding (Fig. 7- 
24). 

Ureteral perforations occur only rarely and, when en- 
countered, can be dealt with by ureteral stenting. Seeding 
of tumors to previously uninvolved portions of the ipsilat- 
eral renal pelvis or ureter has not been a problem. Farkas 
and co-workers reported what they believed to be an exam- 
ple of such a complication,® but the “new” lesions may in 
fact have been present earlier.® 

In summary, retrograde brush biopsy of the upper uri- 
nary tract is primarily useful in the diagnosis of pyeloure- 
teral lesions previously detected by imaging.* Periodically, 
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FIGURE 7-24 + Brush biopsy of filling defect in the left midureter with 
a left retrograde pyeloureterogram for guidance. A brush has been in- 
serted in apposition to the lesion (arrows), and brushing is being carried 
out. Note the extravasation of contrast material from the kidney into the 
retroperitoneum. Diagnosis: Transitional cel] carcinoma. 


reports alleging its value in other conditions, such as renal 
parenchymal masses, have appeared,” but its primary role 
should be viewed as that of a diagnostically confirmatory 
examination. In selected cases, renal or uretheral brush 
biopsy may save patients the need for more costly and 
complicated pyeloureteroscopy. Brush biopsy of the upper 
urinary tract is best performed in a standard fluoroscopic 
suite, which allows more patient mobility.” ” 

Retrograde pyelography is a time-honored diagnostic 
tool that can yield important information in certain settings. 
However, whenever retrograde pyelography is contem- 
plated, the following questions should be asked: (1) Will 
retrograde pyelography provide important information in 
the diagnostic evaluation of this patient? (2) Would the 
information be more easily and effectively obtained using 
less invasive techniques, such as IVU with tomography, 
ultrasonography, CT, or MRI? The performance of retro- 
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FIGURE 7-25 ° A, Intravenous urogram demonstrates an irregular 
filling defect in the renal pelvis (arrows). B, A sheathed catheter has 
been passed retrograde to the renal pelvis. C, Biopsy forceps were 
passed through the sheath to obtain tissue from the lesion. Histologic 
analysis demonstrated transitional cell carcinoma. 


